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INHIBITORS OF PROTEIN ISOPRENYL TRAMSFFRASPg

Technical Field

The present invention relates to novel compounds which are useful in inhibiting

protein isoprenyl transferases (for example, protein famesyltransferase and protein

geranylgeranyltransferase) and the famesylation or geranylgeranylation of the oncogene
protein Ras, compositions containing such compounds and to methods of using such
compounds.

Background of thA lnx/ftntjon

Ras oncogenes are the most frequently identified activated oncogenes in human
tumors. Transformed protein Ras is involved in the proliferation of cancer cells. Ras
must be farnesylated before this proliferation can occur. Famesylation of Ras by
famesyl pyrophosphate (FPP) is effected by protein famesyltransferase. Inhibition of

protein famesyltransferase and, thereby, of famesylation of the Ras protein, blocks the

ability of transformed cells to proliferate. Inhibition of protein geranylgeranyltransferase

and, thereby, of geranylgeranylation of Ras proteins, also results in down regulation of

Ras protein function.

Activation of Ras also partially mediates smooth muscle cell proliferation

(Circulation, 1-3: 88 (1993)). Inhibition of protein isoprenyl transferases and, thereby, of

famesylation or geranylgeranylation of the Ras protein, also aids in the prevention of

restenosis following percutaneous transluminal coronary angioplasty.

Therefore, there is a need for compounds which are inhibitors of protein

famesyltransferase and protein geranylgeranyltransferase.
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Summary nf the tnvantifrp.

In its principal embodiment, the present invention provides compounds of formula
*1

or a pharmaceutical^ acceptable salt thereof wherein R, is selected from the group
cons.st.ng of (a) hydrogen, (b) loweralkyl, (c) alkenyl, (d) alkoxy, (e) thioalkoxy (f)
halogen,

(g) haloalkyl, (h) ary. - L, - wherein L, is absent or is selected fromlhe group
cons.st.ng of -CH2 -, -CH2CH2-, -CH(CH

3), -0-, -S(0)
q
wherein q is 0, 1 or 2, -N(R)-

where.n R is hydrogen or loweralkyl, and -C(O)-, and aryl is selected from the group
cons.st.ng of phenyl, naphthyl, tetrahydronaphthyl, indanyl and indenyl and the arylgroup ,s unsubst-tuted or substituted, and (i) heterocyclic - L, - wherein L3 is absent or is
selected from the group consisting of -CH2 -, -CH2CH2

-, -CH(CH
3)-,

-0-, -S(0)
q
wherein q is 0, 1 or 2, -N(R)- wherein R is hydrogen or loweralkyl, and

-C(0)-,and heterocyclic is a monocyclic heterocyclic wherein the heterocyclic is
unsubstituted or substituted wfth one, two or three substituents independently selected
from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0)
amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl.

R2 is selected from the group consisting of

(a)

,R12a

^-R"12b
wherein R12a is hydrogen, loweralkyl or -0(0)0^ 3 wherein

thl'nro

3 Carb0xy-protectin9 S^P.^ R12b is hydrogen or lowera.kyl, with
the prov.so that R12a and R 12b are not both hydrogen, (b) -C(0)NH-CH(R1A)-C(0)ORwherem R14 is selected from the group consisting of loweralkyl. cycloalkyl

15

cycloalkylalkyl alkoxyalkyl. thioalkoxyalkyi, hydroxyalkyl, aminoalkyl. carboxyalkyl
alkoxycarbonylalkyl, arylalkyi or alkylsulfonylalkyi and R 15 is hydrogen or a cTrboxy-
protecting group,
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(c)

-C(0)-HN—< 0
(CH2)l -3

.
(d) -C(0)NH-CH(R14)-C(0)NHS02Ri 6 wherein R14

is defined above and R16 is selected from lower alkyl, haloalkyl, substituted or

unsubstituted aryl, substituted or unsubstituted heterocyclic,

(e) -C(0)NH-CH(R14)-tetrazolyl wherein the tetrazole ring is unsubstituted or substituted
with lower alkyl or haloalkyl, (0 -C(0)NH-heterocyclic and
(g) -C(0)NH-CH(Ru)-C(0)NRi7Ri8 wherein R17 and R18 are independently selected

from hydrogen and lower alkyl.

R3 is pyridyl, substituted pyridyl, imidazolyl, or susbtituted imidazolyl.

R4 is selected from the group consisting of hydrogen, lower alkyl, haloalkyl,

halogen, aryl, arylakyl, heterocyclic, and (heterocyclic)alkyl.

L, is absent or is selected from the group consisting of (a) -L4-N(R4)-L5 - wherein
L4 is absent or selected from Crto-C10-alkylene and C2-to-C10-alkenylene wherein the

alkylene group or the alkenylene group is unsubstituted or substituted with one, two.

three or four substitutents independently selected from (1) loweralkyl, (2) alkenyl, (3)

hydroxy, (4) amino, (5) N-protected amino, (6) carboxy, (7) alkoxycarbonyl, (8) oxo, (9)

thioxo, (10) imino, (11) =N-OH, (12) =N-0-loweralkyl, (13) =N-0-aryl, and (14) =N-0-
heterocyclic wherein the heterocyclic is unsubstituted or substituted with one, two or

three substituents independently selected from the group consisting of loweralkyl, halo,

nitro, haloalkyl, oxo, hydroxy, hydroxyalkyl, amino, N-protected amino, alkoxy, and
thioalkoxy, R4 is hydrogen or loweralkyl; and Ls is absent or is selected from, -CH2

-,

-CH2CH2 - and -CH(CH
3 )-, (b) -U-0-L5 - wherein L4 and L5 are defined above,

(c) -U-S(0)n-Ls- wherein n is 0, 1 or 2 and U and L5 are defined above,
(d) -L4-L6-C(W)-N(R5)-L5- wherein U. L5 and R5 are defined above . W is O or S, and
L6 is absent or is selected from -0-, -S- and -N(R6)- wherein R6 is hydrogen or

loweralkyl, (e) -U-L6-S(0)m-N(R7)-L5 -wherein L4 , L5 and Le are defined above, m is 1

or 2, and R7 is hydrogen or loweralkyl, (f) -L»-N(R7)-C(W)-L7-L5 -wherein W, R7 , U
and Le are defined above , and L7 is absent or is selected from-O- and -S-,

(g) -L4-N(R7)-S(0)p-L7-L5
- wherein p is 1 or 2 andU R7 , L5 and L7 are defined above,

(h) C2-C4-alkylene optionally substituted with 1 or 2 hydroxy groups, (i) C2-to-C4
-

alkenylene. and 0) C2-to-C4-alkynylene.
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In a further aspect of the present invention are disclosed pharmaceutical
compositions which comprise a compound of formula I in combination with a
pharmaceutically acceptable carrier.

In yet another aspect of the present invention are disclosed pharmaceutical
compositions which comprise a compound of formula I in combination with another
chemotherapeutic agent and a pharmaceutically acceptable carrier

In yet another aspect of the present invention is disclosed a method for inhibiting
protein isoprenyl transferases (i.e., protein famesyltransferase and/or
geranylgeranyltransferase) in a human or .ower mammal, comprising administering tothe pat,ent a therapeutically effective amount of a compound compound of formula I

In yet another aspect of the present invention is disclosed a method for inhibiting
post-translat,onal modification of the oncogenic Ras protein by protein
famesyltransferase, protein geranylgeranyltransferase or both.

In yet another aspect of the present invention is disclosed a method for treatment
of conditions mediated by farnesy.ated or gerany.gerany.ated proteins, for examp.e
treatment of Ras associated tumors in humans and other mammals.

In yet another aspect of the present invention is disclosed a method for inhibiting
or treating cancer in a human or lower mammal, comprising administering to the patienta therapeutically effective amount of a compound of the invention alone or in
combination with another chemotherapeutic agent

In yet another aspect of the present invention is disclosed a method for treating or
preventing restenosis in a human or lower mammal, comprising administering to the
patient a therapeutically effective amount of a compound of the invention

The compounds of the invention can comprise asymmetrically substituted carbon

h rSU,t> a
" Stere0isomers of the comP^s of the invention are meant to be

included m the invention, including racemic mixtures, mixtures of diastereomers, as wellas single diastereomers of the compounds of the invention. The terms «S" and 'R"
configuration, as used herein, are as defined by the IUPAC 1974 Recommendations for
Section E, Fundamental Stereochemistry, Pure Appl. Chem. (1976) 45. 13-30.

Detailed
Qe^CjjBiifflD

Definitions T?mnff
As used herein the terms "Cys". "Glu". "Leu", "Lys", "Met". "nor-Leu"

nor-Val". 'Phe«. "Set" andW refer to cysteine, glutamine. leucine, lysine
methionine, nor-leucine. nor-valine. phenylalanine, serine and valine in their L- D- or DL
forms. In general, unless otherwise specified, as used herein these amino acids are in
their naturally occuring L- form.
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The term "carboxy protecting group" as used herein refers to a carboxylic acid
protecting ester group employed to block or protect the carboxylic acid functionality

while the reactions involving other functional sites of the compound are carried out.

Carboxy protecting groups are disclosed in Greene, "Protective Groups in Organic
Synthesis" pp. 152-186 (1981), which is hereby incorporated herein by reference. In

addition, a caiboxy protecting group can be used as a prodrug whereby the carboxy
protecting group can be readily cleaved in vivo , for example by enzymatic hydrolysis, to
release the biologically active parent. T. Higuchi and V. Stella provide a thorough
discussion of the prodrug concept in "Pro-drugs as Novel Delivery Systems", Vol 14 of
the A.C.S. Symposium Series, American Chemical Society (1975), which is hereby
incorporated herein by reference. Such carboxy protecting groups are well known to
those skilled in the art, having been extensively used in the protection of carboxyl
groups in the penicillin and cephalosporin fields, as described in U.S. Pat. No. 3.840,556
and 3,719,667, the disclosures of which are hereby incorporated herein by reference.
Examples of esters useful as prodrugs for compounds containing carboxyl groups can
be found on pages 14-21 of "Bioreversible Carriers in Drug Design: Theory and
Application", edited by E.B. Roche, Pergamon Press, New York (1987), which is hereby
incorporated herein by reference. Representative carboxy protecting groups are Ci to
C8 loweralkyl (e.g., methyl, ethyl or tertiary butyl and the like); arylalkyl, for example,
phenethyl or benzyl and substituted derivatives thereof such as alkoxybenzyl or
nitrobenzyl groups and the like; arylalkenyl, for example, phenylethenyl and the like; aryl

and substituted derivatives thereof, for example, 5-indanyl and the like; dialkylaminoalkyl
(e.g., dimethylaminoethyl and the like); alkanoyloxyalkyl groups such as acetoxymethyl,
butyryloxymethyl, valeryloxymethyl, isobutyryloxymethyl, isovaleryloxymethyl, 1 -

(propionyloxy)-l -ethyl, 1-(pivaloyloxyl)-1 -ethyl, 1 -methyl-1-(propionyloxy)-1 -ethyl,

pivaloyloxymethyl, propionyloxymethyl and the like; cycloalkanoyloxyalkyl groups such
as cyclopropylcarbonyloxymethyl, cyclobutylcarbonyloxymethyl,

cyclopentylcarbonyloxymethyl, cyclohexylcarbonyloxymethyl and the like; aroyloxyalkyl.
such as benzoyloxymethyl, benzoyloxyethyl and the like; arylalkylcarbonyloxyalkyl, such
as benzylcarbonyloxymethyl, 2-benzylcarbonyloxyethyl and the like; alkoxycarbonylalkyl
or cycloalkyloxycarbonylalkyl, such as methoxycarbonylmethyl,

cyclohexyloxycarbonylmethyl, 1-methoxycarbonyl-1 -ethyl, and the like;

alkoxycarbonyloxyalkyl orcycloalkyloxycarbonyloxyalkyl, such as

methoxycarbonyloxymethyl, t-butyloxycarbonyloxymethyl, 1 -ethoxycarbonyloxy- 1 -ethyl.

1-cyclohexyloxycarbonyloxy-1 -ethyl and the like; aryloxycarbonyloxyalkyl. such as 2-

(phenoxycarbonyloxy)ethyl, 2-(5-indanyloxycarbonyloxy)ethyl and the like;

alkoxyalkylcarbonyloxyalkyl. such as 2-(1-methoxy-2-methylpropan-2-oyloxy)ethyl and
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like; arylalkyloxycarbonyloxyalkyl, such as 2-(benzyloxycarbonyloxy)ethyl and the like;

arylalkenyloxycarbonyloxyalkyl, such as 2-(3-phenylpropen-2-yloxycarbonyloxy)ethyl

and the like; alkoxycarbonylaminoalkyl, such as t-butyloxycarbonylaminomethyl and the

like; alkylaminocarbonylaminoalkyl, such as methylaminocarbonylaminomethyl and the

like; alkanoylaminoalkyl, such as acetylaminomethyl and the like;

heterocycliccarbonyloxyalkyl, such as 4-methylpiperazinylcarbonyloxymethyl and the

like; dialkylaminocarbonylalkyl, such as dimethylaminocarbonyimethyl,

diethylaminocarbonylmethyl and the like; (5-(loweralkyl)-2-oxo-1,3-dioxolen-4-yl)alkyl,

such as (5-t-butyl-2-oxo-1 ,3-dioxolen-4-yl)methyl and the like; and (5-phenyl-2-oxo-1 ,3-

dioxolen-4-yl)alkyl, such as (5-phenyl-2-oxo-1,3-dioxolen-4-yl)methyl and the like.

Preferred carboxy-protected compounds of the invention are compounds wherein
the protected carboxy group is a loweralkyl, cycloalkyl or arylalkyl ester, for example,

methyl ester, ethyl ester, propyl ester, isopropyl ester, butyl ester, sec-butyl ester,

isobutyl ester, amyl ester, isoamyl ester, octyl ester, cyclohexyl ester, phenylethyl ester

and the like or an alkanoyloxyalkyl, cycloalkanoyloxyalkyl, aroyloxyalkyl or an
arylalkylcarbonyloxyalkyl ester.

The term "N-protecting group" or "N-protected" as used herein refers to those

groups intended to protect the N-terminus of an amino acid or peptide or to protect an
amino group against undersirable reactions during synthetic procedures. Commonly
used N-protecting groups are disclosed in Greene, "Protective Groups In Organic

Synthesis," (John Wiley & Sons, New York (1981)), which is hereby incorporated herein

by reference. N-protecting groups comprise acyl groups such as formyl, acetyl,

propionyl, pivaloyl, t-butylacetyl, 2-chloroacetyl, 2-bromoacetyl, trifluoroacetyl,

trichloroacetyl, phthalyl, o-nitrophenoxyacetyl, a-chlorobutyryl, benzoyl, 4-chlorobenzoyl.

4-bromobenzoyl, 4-nitrobenzoyl, and the like; sulfonyl groups such as benzenesulfonyl,

p-toluenesulfonyl and the like; carbamate forming groups such as benzyloxycarbonyl, p-

chlorobenzyloxycarbonyl, p-methoxybenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, 2-

nitrobenzyloxycarbonyl, p-bromobenzyloxycarbonyl, 3,4-dimethoxybenzyloxycarbonyl,

3,5-dimethoxybenzyloxycarbonyl, 2,4-dimethoxybenzyloxycarbonyl,

4methoxybenzyloxycarbonyl,

2-nitro-4,5-dimethoxybenzyloxycaibonyl, 3,4,5-trimethoxybenzyloxycarbonyl,

1 -(p-biphenylyl)-l -methylethoxycarbonyl, a,a-dimethyl-3,5-dimethoxybenzyloxycarbonyl,

benzhydryloxycarbonyl, t-butyloxycarbonyl, diisopropylmethoxycarbonyl,

isopropyloxycarbonyl, ethoxycarbonyl, methoxycarbonyl, allyloxycarbonyl, 2,2,2,-

trichloroethoxycarbonyl, phenoxycarbonyl, 4-nitrophenoxycarbonyl, fluorenyl-9-

methoxycarbonyl, cyclopentyloxycarbonyl, adamantyloxycarbonyl,

cyclohexyloxycarbonyl, phenylthiocarbonyl and the like; alkyl groups such as benzyl,
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triphenylmethyl, benzyloxymethyl and the like; and silyi groups such as trimethylsilyl and
the like. Preferred N-protecting groups are formyl, acetyl, benzoyl, pivaloyl, t-

butylacetyl, phenylsulfonyl, benzyl, t-butyloxycarbonyl (Boc) and benzyloxycarbonyl

(Cbz).

The term "alkanoyl" as used herein refers to R29C(0)- wherein R29 is a loweralkyl

group.

The term "alkanoylaminoalkyl" as used herein refers to a loweralkyl radical to
which is appended R71 -NH- wherein R71 is an alkanoyl group.

The term "alkanoyloxy" as used herein refers to R29C(0)-0- wherein R29 is a

loweralkyl group.

The term "alkanoyloxyalkyl" as used herein refers to a loweralkyl radical to which
is appended an alkanoyloxy group.

The term "alkenyl" as used herein refers to a straight or branched chain

hydrocarbon containing from 2 to 10 carbon atoms and also containing at least one
carbon-carbon double bond. Examples of alkenyl include -CH=CH2 ,

-CH2CH=CH2 ,

-C(CH3)=CH2 ,
-CH2CH=CHCH3 , and the like.

The term "alkenylene" as used herein refers to a divalent group derived from a
straight or branched chain hydrocarbon containing from 2 to 10 carbon atoms and also

containing at least one carbon-carbon double bond. Examples of alkenylene include

-CH=CH-. -CH2CH=CH-, -C(CH3)=CH-, -CH2CH=CHCH2-, and the like.

The term "alkoxy" as used herein refers to R30O- wherein R30 is loweralkyl as

defined above. Representative examples of alkoxy groups include methoxy, ethoxy, t-

butoxy and the like.

The term "alkoxyalkoxy" as used herein refers to RsiO-R^O- wherein R31 is

loweralkyl as defined above and R^ is an alkylene radical. Representative examples of

alkoxyalkoxy groups include methoxymethoxy, ethoxymethoxy, t-butoxymethoxy and the

like.

The term "alkoxyalkyl" as used herein refers to an alkoxy group as previously

defined appended to an alkyl group as previously defined. Examples of alkoxyalkyl

include, but are not limited to, methoxymethyl, methoxyethyl, isopropoxymethyl and the

like.

The term "alkoxyalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl
radical to which is appended R66-C(0)-0- wherein Rg6 is an alkoxyalkyl group.

The term "alkoxycarbonyl" as used herein refers to an alkoxy group as previously

defined appended to the parent molecular moiety through a carbonyl group. Examples
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of alkoxycarbonyl include methoxycarbonyl, ethoxycarbonyl, isopropoxycarbonyl and the

like.

The term "alkoxycarbonylalkyl" as used herein refers to an alkoxylcarbonyl group
as previously defined appended to a loweralkyl radical. Examples of

alkoxycarbonylalkyl include methoxycarbonylmethyl, 2-ethoxycarbonylethyl and the like.

The term "alkoxycarbonylaminoalkyl' as used herein refers to a loweralkyl radical
to which is appended R69-NH- wherein R6g is an alkoxycarbonyl group.

The term "alkoxycarbonyloxyalkyr as used herein refers to a loweralkyl radical to
which is appended R63-0- wherein Rga is an alkoxycarbonyl group.

The term "alkylamino" as used herein refers to R35NH- wherein R35 is a
loweralkyl group, for example, methylamino, ethylamino, butylamino, and the like.

The term "alkylaminoalkyl" as used herein refers a loweralkyl radical to which is

appended an alkylamino group.

The term "alkylaminocarbonylaminoalkyl" as used herein refers to a loweralkyl
radical to which is appended R70-C(O)-NH- wherein R70 is an alkylamino group.

The term "alkylene" as used herein refers to a divalent group derived from a
straight or branched chain saturated hydrocarbon having from 1 to 10 carbon atoms by
the removal of two hydrogen atoms, for example methylene, 1 ,2-ethylene, 1,1 -ethylene,

1 ,3-propylene, 2,2-dimethylpropylene, and the like.

The term "alkylsulfinyl" as used herein refers to RagSfO)- wherein R33 is a

loweralkyl group.

The term "alkylsulfonyl" as used herein refers to R^SfO^- wherein RM is a
loweralkyl group.

The term "alkylsulfonylalkyl" as used herein refers to a loweralkyl radical to which
is appended an alkylsulfonyl group.

The term "alkynyl" as used herein refers to a straight or branched chain

hydrocarbon containing from 2 to 10 carbon atoms and also containing at least one
carbon-carbon triple bond. Examples of alkynyl include -C=CH, -CH2CeCH,
-CH2CsCCH3 , and the like.

The term "alkynylene" as used herein refers to a divalent group derived from a
straight or branched chain hydrocarbon containing from 2 to 10 carbon atoms and also

containing at least one carbon-carbon triple bond. Examples of alkynylene include
-CsC-, -CH2C=C-, -CH2CeCCH2-, and the like.

The term "amino" as used herein refers to -NH2 .

The term "aminoalkyl" as used herein refers to a loweralkyl radical to which is

appended an amino group.
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The term "aroyloxyalkyl" as used herein refers to a loweralkyl radical to which is

appended an aroyloxy group (i.e., R61 -C(0)0- wherein R61 is an aryl group).

The term "aryl" as used herein refers to a mono- or bicyclic carbocyclic ring

system having one or two aromatic rings including, but not limited to, phenyl, naphthyl,

tetrahydronaphthyl, indanyl, indenyl and the like. Aryl groups (including bicyclic aryl

groups) can be unsubstituted or substituted with one, two or three substituents

independently selected from loweralkyl, haloalkyl, alkoxy, thioalkoxy, amino, alkylamino,

dialkylamino, hydroxy, halo, mercapto, nitro, cyano, carboxaldehyde, carboxy,

alkoxycarbonyl, haioalkyl-C(0)-NH-, haloalkenyl-C(0)-NH- and carboxamide. In

addition, substituted aryl groups include tetrafluorophenyl and pentafluorophenyl.

The term "arylalkenyl" as used herein refers to an alkenyl radical to which is

appended an aryl group.

The term "arylalkenyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl

radical to which is appended R68-0-C(0)-0- wherein is an arylalkenyl group.

The term "arylalkyl" as used herein refers to a loweralkyl radical to which is

appended an aryl group. Representative arylalkyl groups include benzyl, phenylethyl,

hydroxybenzyl, fluorobenzyl, fluorophenylethyl and the like.

The term "arylalkylcarbonyloxyalkyl" as used herein refers to a loweralkyl radical

to which is appended an arylalkylcarbonyloxy group (i.e., R62C(0)0- wherein R62 is an

arylalkyl group).

The term "arylalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl

radical to which is appended R67-0-C(0)-O wherein Rg7 is an arylalkyl group.

The term "aryloxyalkyl" as used herein refers to a loweralkyl radical to which is

appended R65-0- wherein Rg5 is an aryl group.

The term "aryloxythioalkoxyalkyl" as used herein refers to a loweralkyl radical to

which is appended R75-S- wherein R75 is an aryloxyalkyl group.

The term "aryloxycarbonyloxyalkyl" as used herein refers to a loweralkyl radical to

which is appended R65-0-C(0)-0- wherein R^ is an aryl group.

The term "arylsulfonyl" as used herein refers to R36S(0)2- wherein R36 is an aryl

group.

The term "arylsulfonyloxy" as used herein refers to R37S(0)2O wherein R37 is an

aryl group.

The term "carboxyalkyl" as used herein refers to a loweralkyl radical to which is

appended a carboxy (-COOH) group.

The term "carboxaldehyde" as used herein refers to the group -C(0)H.

The term "carboxamide" as used herein refers to the group -C(0)NH2 .
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The term "cyanoalkyl" as used herein refers to a loweralkyl radical to which is

appended a cyano (-CN) group.

The term "cycloalkanoylalkyl" as used herein refers to a loweralkyl radical to
which is appended a cycloalkanoyl group (i.e., R60-C(O)- wherein R60 is a cycloalkyl

group).

The term "cycloalkenyl" as used herein refers to an alicyclic group comprising
from 3 to 10 carbon atoms and containing a carbon-carbon double bond including, but
not limited to, cyclopentenyl, cyclohexenyl and the like.

The term "cycloalkyl" as used herein refers to an alicyclic group comprising from
3 to 10 carbon atoms including, but not limited to, cyclopropyl, cyclobutyl, cyclopentyl,
cyclohexyl, norbomyl, adamantyl and the like.

The term "cycloalkylalkyl" as used herein refers to a loweralkyl radical to which is

appended a cycloalkyl group. Representative examples of cycloalkylalkyl include
cyclopropylmethyl, cyclohexylmethyl,

2-(cyclopropyl)ethyl, adamantylmethyl and the like.

The term "cycloalkyloxycarbonyloxyalkyl" as used herein refers to a loweralkyl
radical to which is appended R^-O-CfO-O- wherein R^ is a cycloalkyl group.

The term "dialkoxyalkyl" as used herein refers to a loweralkyl radical to which is

appended two alkoxy groups.

The term "dialkylamino" as used herein refers to R38R39N- wherein R38 and R39
are independently selected from loweralkyl, for example dimethylamino, diethylamino,
methyl propylamino, and the like.

The term "dialkylaminoalkyl" as used herein refers to a loweralkyl radical to which
is appended a dialkylamino group.

The term "dialkyaminocarbonylalkyl" as used herein refers to a loweralkyl radical
to which is appended R^-tyO)- wherein R73 is a dialkylamino group.

The term "dioxoalkyl" as used herein refers to a loweralkyl radical which is

substituted with two oxo (=0) groups.

The term "dithioalkoxyalkyl" as used herein refers to a loweralkyl radical to which
is appended two thioalkoxy groups.

The term "halogen" or "halo" as used herein refers to I, Br, CI or F.

The term "haloalkenyl" as used herein refers to an alkenyl radical, as defined
above, bearing at least one halogen substituent.

The term "haloalkyl" as used herein refers to a lower alkyl radical, as defined
above, bearing at least one halogen substituent, for example, chloromethyl, fluoroethyl
or trifluoromethyl and the like.
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The term "heterocyclic ring" or "heterocyclic" or "heterocycle" as used herein

refers to a 5-, 6- or 7-membered ring containing one, two or three heteroatoms

independently selected from the group consisting of nitrogen, oxygen and sulfur or a 5-

membered ring containing 4 nitrogen atoms; and includes a 5-, 6- or 7-membered ring

containing one, two or three nitrogen atoms; one oxygen atom; one sulfur atom; one
nitrogen and one sulfur atom; one nitrogen and one oxygen atom; two oxygen atoms in

non-adjacent positions; one oxygen and one sulfur atom in non-adjacent positions; two
sulfur atoms in non-adjacent positions; two sulfur atoms in adjacent positions and one
nitrogen atom; two adjacent nitrogen atoms and one sulfur atom; two non-adjacent

nitrogen atoms and one sulfur atom; two non-adjacent nitrogen atoms and one oxygen
atom. The 5-membered ring has 0-2 double bonds and the 6- and 7-membered rings

have 0-3 double bonds. The term "heterocyclic" also includes bicyclic, tricyclic and
tetracyclic groups in which any of the above heterocyclic rings is fused to one or two
rings independently selected from the group consisting of an aryl ring, a cyclohexane
ring, a cyclohexene ring, a cyclopentane ring, a cyclopentene ring and another

monocyclic heterocyclic ring (for example, indolyl, quinolyl, isoquinolyl,

tetrahydroquinolyl, benzofuryl or benzothienyl and the like). Heterocyclics include:

pyrrolyl, pyrrolinyl, pyrrolidinyl, pyrazolyl, pyrazolinyl, pyrazolidinyl, imidazolyl,

imidazolinyl, imidazolidinyl, pyridyl, piperidinyl, homopiperidinyl, pyrazinyl, piperazinyl,

pyrimidinyl, pyridazinyl, oxazolyl, oxazolidinyl, isoxazolyl, isoxazolidinyl, morpholinyl,

thiomorpholinyl, thiazolyl, thiazolidinyl, isothiazolyl, isothiazolidinyl, indolyl, quinolinyl,

isoquinolinyl, benzimidazolyl, benzothiazolyl, benzoxazolyl, furyl, thienyl, thiazolidinyl,

isothiazolyl, triazolyl, tetrazolyl, oxadiazolyl, thiadiazolyl, pyrimidyl, tetrahydrofuranyl,

dihydrofuranyl, tetrahydrothienyl, dihydrothienyl, dihydroindolyl, tetrahydroquinolyl,

tetrahydroisoquinolyl, pyranyl, dihydropyranyl, dithiazolyl, benzofuranyl and
benzothienyl. Heterocyclics also include bridged bicyclic groups wherein a monocyclic
heterocyclic group is bridged by an alkylene group, for example,

H

H
and the like.

Heterocyclics also include compounds of the formula
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wherein X* is -CH2-, -CH20- or -O- and Y* is -C(O)- or -(C(R")2)V -

wherein R" is hydrogen or Ci-C4-alkyl and v is 1, 2 or 3 such as 1 ,3-benzodioxolyl, 1 ,4-

benzodioxanyl and the like.

Heterocyclics can be unsubstituted or substituted. In the context of a

s heterocycle, the term "substituted" means a heterocyle substituted with one, two, three,

four or five substituents independently selected from the group consisting of

a) hydroxy, b) -SH, c) halo, d) oxo (=0), e) thioxo (=S), f) amino.g) -NHOH, h)

alkylamino, i) dialkylamino, j) alkoxy, k) alkoxyalkoxy, I) haloalkyl, m) hydroxyalkyl, n)

alkoxyalkyl, o) cycloalkyl which is unsubstituted or substituted with one, two, three or

10 four loweralkyl groups, p) cycloalkenyl which is unsubstituted or substituted with one,

two, three or four loweralkyl groups, q) alkenyl, r) alkynyl, s) aryl, t) arylalkyl, u) -COOH,
v) -S03H, w) loweralkyl, x) alkoxycarbonyl, y) -C(0)NH2 , z) -C(S)NH2 , aa) -C(=N-

OH)NH2 ,
bb) aryl-L16-C(0)- wherein L16 is an alkenylene radical, cc) -S-L17-C(O)OR40

wherein L17 is an alkylene radical which is unsubstituted or substituted with one or two

15 substitutents independently selected from the group consisting of alkanoyl, oxo (=0) or

methinylamino (=CHNR
41 R42 wherein R41 is hydrogen or loweralkyl and R42 is

loweralkyl) and R^ is hydrogen or a carboxy-protecting group, dd) -S-L^-CfOJNR^R^
wherein L18 is an alkylene radical which is unsubstituted or substituted with one or two

substitutents independently selected from the group consisting of alkanoyl, oxo (=0) or

20 methinylamino (=CHNR41 R42 wherein R41 is hydrogen or loweralkyl and R43 and

R^ are independently selected from the group consisting of hydrogen,

loweralkyl and aryl, ee) -S-L19-CN wherein L19 is an alkylene radical, ff) -S-L20-R45
wherein L^q is absent or is an alkylene radical or an alkenylene radical or an alkynylene

radical wherein the alkylene, alkenylene or alkynylene radical is unsubstituted or

25 substituted with oxo (=0) and R45 is hydrogen, aryl, arylalkyl or heterocyclic wherein the

heterocyclic is unsubstituted or substituted with one, two or three substituents

independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl,

halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, gg)
*°"L21*R46 wherein L21 is absent or is an alkylene radical or an alkenylene radical or an

30 alkynylene radical wherein the alkylene, alkenylene or alkynylene radical is

unsubstituted or substituted with one or two substitutents independently selected from
the group consisting of alkanoyl, oxo (=0) or methinylamino (=CHNR41R42 wherein R41
is hydrogen or loweralkyl and R^ is hydrogen, aryl, arylalkyl or heterocyclic wherein the
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heterocyclic is unsubstituted or substituted with one, two or three substituents

independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl,

halo, nitro, oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, hh)
-0-S(0)2-R47 wherein R47 is aryl, arylalkyl, heterocyclic or heterocyclicalkyl wherein

the heterocyclic is unsubstituted or substituted with one, two or three substituents

independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl,

halo, nitro. oxo (=0), amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, ii)

-SCO^-NH-R^ wherein is aryl, arylalkyl, heterocyclic or heterocyclicalkyl wherein
the heterocyclic is unsubstituted or substituted with one, two or three substituents

independently selected from the group consisting of loweralkyl, hydroxy, hydroxyalkyl,
halo, nitro, oxo (=0), amino. N-protected amino, alkoxy, thioalkoxy and haloalkyl,

jj) alkylsufinyl, kk) alkylsufonyl, II) arylsulfonyl, mm) arylsulfonyloxy, nn)
-C(=NOR49)C(O)OR50 wherein R49 is hydrogen or loweralkyl and R50 is hydrogen or a
carboxy-protecting group, oo) alkoxycarbonylalkyl, pp) carboxyalkyl, qq) cyanoalkyl, rr)

alkylaminoalkyl, ss) N-protected alkylaminoalkyl, tt) dialkylaminoalkyl, uu) dioxoalkyl, w)
loweralkyl-C(O)-, ww) loweralkyl-C(S)-, xx) aryl-C(O)-, yy) aryl-C(S)-, zz) loweralkyl-

C(0)-0-, aaa) loweralkyl-S-C(S)- bbb) N-protected amino, ccc) aminoalkyl-C(O)-, ddd)
N-protected aminoalkyl-C(O)- eee) aminoalkyl-C(S)-, fff) N-protected aminoalkyl-C(S)-,

ggg) aminoalkyl, hhh) N-protected aminoalkyl, iii) formyl,
jjj) cyano, kkk) nitro, III)

spiroalkyl, mmm) oxoalkyloxy, nnn) R^-L^- wherein is alkenylene or alkynylene
and R53 is aryl or heterocyclic wherein the heterocyclic is unsubstituted or substituted

with one, two or three substituents independently selected from the group consisting of

loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino, N-protected amino,
alkoxy, thioalkoxy and haloalkyl, ooo) aryl-NH-C(O)-, ppp) R54-N=N- wherein R54 is aryl

or heterocyclic wherein the heterocyclic is unsubstituted or substituted with one, two or
three substituents independently selected from the group consisting of loweralkyl,

hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino, N-protected amino, alkoxy,
thioalkoxy and haloalkyl, qqq) =N-RS5 wherein R^ is hydrogen, aryl, heterocyclic,

-S(0)2-aryl or -S(0)2-heterocyclic wherein the heterocyclic is unsubstituted or

substituted with one, two or three substituents independently selected from the
group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino,
N-protected amino, alkoxy, thioalkoxy and haloalkyl, rrr) diarylalkyl-N=N-, sss) aryl-
N(R56)- orarylalkyl-N(R56)- wherein R^ is hydrogen or an N-protecting group, ttt)

arylsulfonylalkyl, uuu) heterocyclicsulfonylalkyl wherein the heterocyclic is unsubstituted
or substituted with one, two or three substituents independently selected from the group
consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0), amino, N-protected
amino, alkoxy, thioalkoxy and haloalkyl, wv) =C(CN)(C(0)NH2 ), www) =C(CN)(C(0)0-
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loweralkyl), xxx) heterocyclic or heterocyclicalkyl wherein the heterocyclic is

unsubstituted or substituted with one, two or three substituents independently selected

from the group consisting of loweralkyl, hydroxy, hydroxyalkyl, halo, nitro, oxo (=0),

amino, N-protected amino, alkoxy, thioalkoxy and haloalkyl, yyy) hydroxythioalkoxy,

zzz) aryloxyalkyl, aaaa) aryloxyalkylthioalkoxy, bbbb) dialkoxyalkyl, cccc)

dithioalkoxyalkyl, dddd) arylalkyl-NH-L23
- wherein is an alkylene group,

eeee) heterocyclicalkyl-NH-L24
- wherein Lg4 is an alkylene group, ffff) aryl-S(0)

2-NH-

L25- wherein L25 is an alkylene group, gggg) heterocyclic-S(0)2-NH-L26- wherein is

an alkylene group, hhhh) aryl-C(0)-NH-L27- wherein L27 is an alkylene group and iiii)

heterocyclic-C(0)-NH-L28
- wherein L28 is an alkylene group.

The term "(heterocyclic)alkyr as used herein refers to a heterocyclic group as

defined above appended to a loweralkyl radical as defined above. Examples of

heterocyclic alkyl include 2-pyridylmethyl, 4-pyridylmethyl, 4-quinoIinylmethyl and the

like.

The term "heterocycliccarbonyloxyalkyl" as used herein refers to a loweralkyl

radical to which is appended R72-C(0)-0- wherein R72 is a heterocyclic group.

The term "hydroxyalkyl" as used herein refers to a loweralkyl radical to which is

appended an hydroxy group.

The term "hydroxythioalkoxy" as used herein refers to R51 S- wherein R
51

is a

hydroxyalkyl group.

The term "loweralkyl" as used herein refers to branched or straight chain alkyl

groups comprising one to ten carbon atoms, including methyl, ethyl, propyl, isopropyl, n-

butyl, t-butyl, neopentyl and the like.

The term "N-protected alkylaminoalkyr as used herein refers to an

alkylaminoalkyl group wherein the nitrogen is N-protected.

The term "oxoalkyloxy" as used herein refers to an alkoxy radical wherein the

loweralkyl moiety is substituted with an oxo (=0) group.

The term "spiroalkyl" as used herein refers to an alkylene diradical, both ends of

which are bonded to the same carbon atom of the parent group to form a spirocyclic

group.

The term "thioalkoxy" as used herein refers to R52S- wherein R52 is loweralkyl.

Examples of thioalkoxy include, but are not limited to, methylthio, ethylthio and the like.

The term "thioalkoxyalkyl" as used herein refers to a thioalkoxy group as

previously defined appended to a loweralkyl group as previously defined. Examples of

thioalkoxyalkyl include thiomethoxymethyl, 2-thiomethoxyethyl and the like.
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Preferred emhoriimfP|5

Preferred compounds of the invention are compounds of formula 1 wherein Ri is

aryl - L2 • wherein Lg is absent or is selected from -CH2- and -0-. and aryl is selected

from phenyl and naphthyl wherein the aryl group is unsubstituted or substituted.

More preferred compounds of the invention are compounds of formula I wherein
" 1

is unsubstituted or substituted phenyl and R2 is -C(0)NH-CH(R14)-C(0)OR15 or

-C(0)NH-CH(R14)-C(0)NHS02Ri6 wherein R14 R15 and R16 are defined above.

The most preferred compounds of the invention are compounds of formula I

wherein R
t

is is unsubstituted or substituted phenyl and R- is

h h h

0 s 0 s ° s
(a) sch3 i(b) sozch3 (c) SCH3

H H

>Y
NN^C°2Rl5 v^N^CONHSOaRiE

(d) I ,or(e) I

Protein Farnesyltransferase Inhibition

The ability of the compounds of the invention to inhibit protein farnesyltransferase

or protein geranylgeranyltransferase can be measured according to the method of

Moores, et al., J. Biol. Chem. 266: 14603 (1991 ) or the method of Vogt, et al., J. Biol.

Chem. 270:660-664 (1995). In addition, procedures for determination of the inhibition of

famesylation of the oncogene protein Ras are described by Goldstein, et al., J. Biol.

Chem., 266:15575-15578 (1991) and by Singh in United States Patent No. 5,245,061.

In addition, in yjirp. inhibition of protein farnesyltransferase may be measured by
the following procedure. Rat brain protein farnesyltransferase activity is measured using

an Amersham Life Science commercial scintillation proximity assay kit and substituting a
biotin-K Ras B fragment (biotin-Lys-Lys-Ser-Lys-Thr-Lys-Cys-Val-lle-Met-C02H), 0.1 uM
final concentration, for the biotin-lamin substrate provided by Amersham. The enzyme is

purified according to Reiss, Y., et al., Cell, 62: 81-88 (1990), utilizing steps one through

three. The specific activity of the enzyme is approximately 10 nmol substrate

famesylated/mg enzyme/hour. The percent inhibition of the famesylation caused by the

compounds of the invention (at 10 x 10'6 M) compared to an uninhibited control sample
is evaluated in the same Amersham test system.
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The %inhibition of protein farnesyltransferase was determined for representative

compounds of the invention. The results are summarized in Table 1

.

Table 1

In Vitro Potencies of Representative Compounds

Example

% inhibition

9 10 uM

% inhibition

@ 1 uM Example

% inhibition % inhibition

@10uM @ 1 uM
36 92 128 98
38 84 129 97
39 30 130 96
40 54 131 98
41 98 132 98
42 92 133 98
51 98 134 84
52 36 135 96
53 86 137 98
54 68 138 98
55 40 139 99
56 88 140 99
58 28 141 98
59 95 142 98
63 43 143 76
67 93 144 83
68 63 145 36
69 76 147 98
70 98 148 94
71 98 149 89
72 67 150 65
73 98 151 43
74 98 152 22
75 74 153 98
77 98 154 99
79 98 155 99
80 97 156 99
81 82 157 82



WO 97/17070

17

82 • 67

83 m 99

84 89

85 92

86 55

87 41

88 m 63

89 93

90 m 23

91 • 94

92 m 39

96 65

98 95

100 . 98

101 m 22

102 m 97

103 m 98

104 41

105 . 99

106 23

107 m 21

108 50

111 79

112 77

113 96

115 m 98

116 m 99

117 96

118 98
119 98

120 98

121 98

122 • 98

123 98

124 98

125 98

PC17US96/17092

1581 wW #50Od

159 Qfiyo

160l WW Qfiyo

1611 W 1 97

1631 WW y4

1641 w*t 97
IfiClug 93
1ftfi
I DO MM

63
1ft7
1 w# 54
1RA
1 vO 98
1RQ 98
i7n 93

98
179 mm

98
17^
1 I w 99
174 91

17*5I/O AO98
17ft 98
177 AO98
17ft
i to AM

26
17Q
1 1y 99
1 on

93
ion
i yu ^M

72
1Q1iyi M M-

95

91

1 QQ
98

1QA 95

195 66

196 53

197 82

198 52

199 62

200 56

201 36

203 96

204 81
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126

127

99

98

205

206

71

80

Additional methods for the measurement of in vitro inhibition of protein

prenylation (i.e., inhibition of famesyltransferase or geranygeranyltransferase) are

described below.

Assays are performed using the glass fiber filter binding assay procedure with

either rabbit reticulocyte lysate, or FTase or GGTase I fractions isolated from bovine
brains using a combination of hydrophobic and DEAE column chromatography
procedures. Protein substrates are purchased from Panvera Corporation (H-ras for

FTase, H-ras-CVLL for GGTase I) and the tritium labeled prenyl lipid substrates(FPP or

GGPP) are obtained from Amersham Life Science.

FTase
3H-Farnesyldiphosphate (final concentration 0.6 u.M), H-Ras (final concentration

5.0 u.M), and the test compound (various final concentrations from a stock solution in

50% DMSO/waten final concentration DMSO < 2%) are mixed in buffer (50 mlUI HEPES
(pH 7.5), 30 mM MgCI2 , 20 mM KCI, 10 uM ZnCI2 , 5 mM DTT, 0.01% Triton X-100) to

give a final volume of 50 uL. The mixture is brought to 37 °C, enzyme is added, and the

reaction is incubated for 30 minutes. 1 mL of 1 M HCI/ethanol is added to stop the

reaction, the mixture is allowed to stand for 15 minutes at room temperature and then is

diluted with 2 mL ethanol. The reaction mixture is filtered through a 2.5 cm glass
microfiber filter from Whatman and washed with four 2 mL portions of ethanol. The
glass filter is transferred to a scintillation vial and 5 mL scintillation fluid is added. The
radioisotope retained on the glass fiber filter is counted and this reflects the activity of

the enzymes. An IC50 value can be calculated by measuring the activity of the enzyme
over a suitable range of inhibitor concentrations.
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GGTase I

3H-geranylgeranyldiphosphate (final concentration 0.5 u.M), H-Ras-CVLL (final

concentration 5.0 u,M), and the test compound (various final concentrations from a stock

solution in 50% DMSO/waten final concentration DMSO < 2%) are mixed in buffer (50

5 mM Tris-HCI (pH 7.2), 30 mM MgCI2 , 20 mM KCI, 10 uM 2nCI2 , 5 mM DTT, 0.01%
Triton X-100) to give a final volume of 50 uL. The mixture is brought to 37 °C. enzyme
is added, and the reaction is incubated for 30 minutes. 1 ml. of 1 M HCI/ethanol is

added to stop the reaction, the mixture is allowed to stand for 15 minutes at room
temperature and then is diluted with 2 mL ethanol. The reaction mixture is filtered

10 through a 2.5 cm glass microfiber filter from Whatman and washed with four 2 mL
portions of ethanol. The glass filter is transferred to a scintillation vial and 5 mL
scintillation fluid is added. The radioisotope retained on the glass fiber filter is counted
and this reflects the activity of the enzymes. An IC50 value can be calculated by
measuring the activity of the enzyme over a suitable range of inhibitor concentrations.

15

In addition, the ability of the compounds of the invention to inhibit prenylation in

whole cells, inhibit anchorage-independent tumor cell growth and inhibit human tumor
xenograft in mice can be demonstrated according to the methods described in PCT
Patent Application No. WO95/25086. published September 21, 1995, which is hereby

20 incorporated herein by reference.

Pharmaceutical Compositions

The compounds of the present invention can be used in the form of

pharmaceutically acceptable salts derived from inorganic or organic acids. These salts

25 include but are not limited to the following: acetate, adipate, alginate, citrate, aspartate,

benzoate, benzenesulfonate, bisulfate, butyrate, camphorate, camphorsulfonate,

digluconate, cyclopentanepropionate, dodecylsulfate, ethanesulfonate,

glucoheptanoate, glycerophosphate, hemisulfate, heptanoate, hexanoate, fumarate,

hydrochloride, hydrobromide, hydroiodide, 2-hydroxy-ethanesulfonate, lactate, maleate,

30 methanesulfonate, nicotinate, 2-naphthalenesulfonate, oxalate, pamoate, pectinate,

persulfate,

3-phenylpropionate, picrate, pivalate, propionate, succinate, tartrate, thiocyanate, p-

toluenesulfonate and undecanoate. Also, the basic nitrogen-containing groups can be

quatemized with such agents as loweralkyl halides (such as methyl, ethyl, propyl, and

35 butyl chloride, bromides, and iodides), dialkyl sulfates like dimethyl, diethyl, dibutyl, and
diamyl sulfates, long chain halides such as decyl, lauryl, myristyl and stearyl chlorides,
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bromides and iodides, aralkyl halides like benzyl and phenethyl bromides, and others.
Water or oil-soluble or dispersible products are thereby obtained.

Examples of acids which may be employed to form pharmaceutical^ acceptable
acid addition salts include such inorganic acids as hydrochloric acid, sulphuric acid and
phosphoric acid and such organic acids as oxalic acid, maleic acid, succinic acid and
citric acid.

Basic addition salts can be prepared in situ during the final isolation and
purification of the compounds of formula (l)-(XII), or separately by reacting the carboxylic
acid function with a suitable base such as the hydroxide, carbonate or bicarbonate of a
pharmaceutical^ acceptable metal cation or with ammonia, or an organic primary,
secondary or tertiary amine. Such pharmaceutical^ acceptable salts include, but are
not limited to. cations based on the alkali and alkaline earth metals, such as sodium,
lithium, potassium, calcium, magnesium, aluminum salts and the like, as well as
nontoxic ammonium, quaternary ammonium, and amine cations, including, but not
limited to ammonium, tetramethylammonium. tetraethylammonium. methylamine.
dimethylamine, trimethylamine. triethylamine. ethylamine. and the like. Other
representative organic amines useful for the formation of base addition salts include
diethylamine. ethylenediamine, ethanolamine, diethanolamine, piperazine and the like.

The compounds of the invention are useful (in humans and other mammals) for
inhibiting protein isoprenyltransferases (i.e. protein famesyltransferase and/or protein
geranylgeranyltransferase) and the isoprenylation (i.e., famesylation and/or
geranylgeranylation) of Ras. These inhibitors of protein isoprenyltransferases are also
useful for inhibiting or treating cancer in humans and other mammals. Examples of the
kinds of cancers which may be treated with the compounds of the invention include, but
are not limited to, carcinomas, such as lung, colorectal, bladder, breast, kidney, ovarian,
liver, exocrine pancreatic, cervical, esophageal, stomach, and small intestinal;

sarcomas, such as oesteroma, osteosarcoma, lepoma, liposarcoma, hemanioma, and
hemangiosarcoma; melanomas, such as amelanotic and melanotic; mixed types of
cancers such as carcinosarcoma, lymphoid tissue type, follicular reticulum, cell sarcoma
and Hodgkins disease; and leukemias. such as myeloid, acute lymphoblastic, chronic
lymphocytic, acute myloblastic and chronic mylocytic.

The ability of the compounds of the invention to inhibit or treat cancer can be
demonstrated according to the methods of Mazerska Z., Woynarowska B.. Stefanska
B., Borowski S.. Drugs Exptl. Clin. Res. 13(6), 345-351 (1987); Bissery, MC. Guenard F
Guerntte-Voegelein F, Lavelle F., Cancer Res. 51, 4845-4852 (1991); and Rygaard J.

'

and Povlsen C, Acta Pathol. Microbiol. Scand. 77, 758 (1 969).
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These inhibitors of protein isoprenyltransferases are also useful for treating or
preventing restenosis in humans and other mammals. The ability of the compounds of
the invention to treat or prevent restenosis can be demonstrated according to the
methods described by Kranzhofer, R. et al. Circ. Res. Z3: 264-268 (1993), Mitsuka, M.
etal. Circ. Res. Z2: 269-275 (1993) and Santoian, E.C. etal. Circulation flfi- 11-14
(1993).

For use as a chemotherapeutic agent, the total daily dose administered to a host
in single or divided doses may be in amounts, for example, from 0.01 to 500 mg/kg body
weight daily, preferably in amounts from 0.1 to 20 mg/kg body weight daily and more
preferably in amounts from 0.5 to 10 mg/kg body weight daily. Dosage unit

compositions may contain such amounts of submultiples thereof to make up the daily
dose.

For treatment or prevention of restenosis, the total daily dose administered to a
host in single or divided doses may be in amounts, for example, from 0.001 to 1000
mg/kg body weight daily and more preferred from 1 .0 to 50 mg/kg body weight daily.

Dosage unit compositions may contain such amounts of submultiples thereof to make
up the daily dose.

The amount of active ingredient that may be combined with the carrier materials
to produce a single dosage form will vary depending upon the host treated and the
particular mode of administration.

It will be understood, however, that the specific dose level for any particular

patient will depend upon a variety of factors including the activity of the specific

compound employed, the age, body weight, general health, sex, diet, time of

administration, route of administration, rate of excretion, drug combination, and the
severity of the particular disease undergoing therapy.

The compounds of the present invention may be administered orally, parenterally,
sublingual^, by inhalation spray, rectally, or topically in dosage unit formulations
containing conventional nontoxic pharmaceutical^ acceptable carriers, adjuvants, and
vehicles as desired. Topical administration may also involve the use of transdermal
administration such as transdermal patches or iontophoresis devices. The term
parenteral as used herein includes subcutaneous injections, intravenous, intramuscular,
intrastemal injection, or infusion techniques.

Injectable preparations, for example, sterile injectable aqueous or oleagenous
suspensions may be formulated according to the known art using suitable dispersing or
wetting agents and suspending agents. The sterile injectable preparation may also be a
sterile injectable solution or suspension in a nontoxic parenterally acceptable diluent or
solvent, for example, as a solution in 1 ,3-propanediol. Among the acceptable vehicles
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and solvents that may be employed are water, Ringer's solution, and isotonic sodium
chloride solution. In addition, sterile, fixed oils are conventionally employed as a solvent
or suspending medium. For this purpose any bland fixed oil may be employed including
synthetic mono- or diglycerides. In addition, fatty acids such as oleic acid find use in the
preparation of injectabies.

Suppositories for rectal administration of the drug can be prepared by mixing the
drug with a suitable nonirritating excipient such as cocoa butter and polyethylene glycols
which are solid at ordinary temperatures but liquid at the rectal temperature and will

therefore melt in the rectum and release the drug.

Solid dosage forms for oral administration may include capsules, tablets, pills,

powders, and granules. In such solid dosage forms, the active compound may be
admixed with at least one inert diluent such as sucrose, lactose, or starch. Such dosage
forms may also comprise, as is normal practice, additional substances other than inert

diluents, e.g., lubricating agents such as magnesium stearate. In the case of capsules,
tablets, and pills, the dosage forms may also comprise buffering agents. Tablets and
pills can additionally be prepared with enteric coatings.

Liquid dosage forms for oral administration may include pharmaceutically

acceptable emulsions, solutions, suspensions, syrups, and elixirs containing inert

diluents commonly used in the art, such as water. Such compositions may also
comprise adjuvants, such as wetting agents, emulsifying and suspending agents, and
sweetening, flavoring, and perfuming agents.

The compounds of the present invention can also be administered in the form of

liposomes. As is known in the art, liposomes are generally derived from phospholipids
or other lipid substances. Liposomes are formed by mono- or multi-lamellar hydrated
liquid crystals that are dispersed in an aqueous medium. Any non-toxic, physiologically
aceptable and metabolizable lipid capable of forming liposomes can be used. The
present compositions in liposome form can contain, in addition to a compound of the
present invention, stabilizers, preservatives, excipients, and the like. The preferred
lipids are the phospholipids and phosphatidyl cholines (lecithins), both natural and
synthetic.

Methods to form liposomes are known in the art. See, for example, Prescott, Ed.,

Method? in Cell PiOlogy, Volume XIV, Academic Press, New York, N.Y. (1976), p. 33 et
seq.

While the compounds of the invention can be administered as the sole active
pharmaceutical agent for the treatment of cancer, they can also be used in combination
with one or more other chemotherapeutic agents.
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Representative examples of chemotherapeutic agents are described in Holleb, et

al., Clinical Oncology American Cancer Society, United States (1991) p 56 et seq.

These agents include alkylating agents such as the nitrogen mustards (mechloethamine,

melphalan, chlorambucil, cyclophosphamide and ifosfamide), nitrosoureas (carmustine,

lomustine, semustine, streptozocin), alkyl sulfonates (busulfan), triazines (dacarbazine)

and ethyenimines (thiotepa, hexamethylmelamine); folic acid analogues (methotrexate);

pyrimidine analogues (5-fluorouracil, cytosine arabinoside); purine analogues (6-

mercaptopurine, 6-thioguanine); antitumor antibiotics (actinomycin D, the anthracyclines

(doxorubicin), bleomycin, mitomycin C, methramycin); plant alkaloids such as vinca

alkaloids (vincristine, vinblastine) and etoposide (VP-16); hormones and hormone
antagonists (tamoxifen and corticosteroids); and miscellaneous agents (cisplatin, taxol,

brequinar).

The above compounds to be employed in combination with the isoprenyl protein

transferase inhibitor of the invention will be used in therapeutic amounts as indicated in

the Physicians' Desk Reference (PDR) 47th Edition (1993), which is incorporated herein

by reference, or such therapeutically useful amounts as would be known to one of

ordinary skill in the art.

The compounds of the invention and the other chemotherapeutic agent can be

administered at the recommended maximum clinical dosage or at lower doses. Dosage
levels of the active compounds in the compositions of the invention may be varied so as

to obtain a desired therapeutic response depending on the route of administration,

severity of the disease and the response of the patient.

When administered as a combination, the therapeutic agents can be formulated

as separate compositions which are given at the same time or different times, or the

therapeutic agents can be given as a single composition.

Preparation of the Compounds of the Invention

In general, the compounds of the invention can be prepared by the processes

illustrated in the following Schemes 1-16. In these general schemes compounds of the

formula I are used to exemplify the methods, but the methods are intended to be

applicable to all of the compounds of the invention.
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SCHEME IS

A.

>~C°2H I -L_ t
II p-C(0)NHCH(R 14)C02R 15

The foregoing may be better understood by reference to the following examples
which are provided for illustration and not intended to limit the scope of the inventive

s concept.

Compound 1

t3-(Aminomethvnhfln7nYIVMet-OCH3
10

Step A
f3-fChloromethvhbenzovn-MBt.nnH

3
To a solution of methionine methyl ester hydrochloride (2.0 g, 10 mmol) and 3-

(chloromethyl)benzoyl chloride (2.08 g, 1 1 .0 mmol) in methylene chloride (50 mL) was
15 slowly added triethylamine (3.07 mL, 22.0 mmol) at ice bath temperature for 2 hours.

The mixture was washed with 0.5 N HCI (50 mL x 2), brine solution (50 mL x 2) and
water (50 mL x 2). The organic phase was dried over anhydrous MgS04 and

concentrated under reduced pressure. The residue was purified by flash column
chromatography (30% ethyl acetate in hexanes) to give the desired product (3.03 g) as a

20 white solid: m.p. 82-83°C;

1H NMR (CDCI3 ) 57.82 (1H, s), 7.74 (1H, d, J=7.7 Hz). 7.53 (1H, d, J=7.7 Hz), 7.42

(1H, t, J=7.7 Hz), 7.06 (1H, brd. J=7.6Hz), 4.92 (1H, ddd, J=7.6. 7.1, 5.1 Hz). 4.59 (2H.

s). 3.78 (3H. s). 2.58 (2H, t. J=7.1Hz) 2.26 (1H, sm), 2.15 (1H, m). 2.10 (3H. s); ™C
NMR (CDCI3) 5 172.59, 166.54, 138.13, 134.25, 131.95, 129.12, 127.42, 126.97, 52.72.

25 52.14, 45.55. 31.47, 30.12, 15.55.
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StepB

f3-fAzidomethvnbenzQVh-Mot.Q^Hj
A suspension of (3-(chloromethyl)benzoyl)-Met-OCH

3 (1 .58 g, 5.0 mmol) and
sodium azide (1 .3 g, 20.0 mmol) in DMSO (40 mL) was stirred at 80°C for 7 hours The
mixture was diluted with methylene chloride (100 mL), washed with brine (70 mL x 2) and
water (70 mL x 2), and then dried over anhydrous MgS04 . The solvent was evaporated
under reduced pressure to give a yellow residue. Chromatography on silica gel (30%
ethyl acetate in hexanes) to provide the desired product M.45 g) as a colorless solid-
m.p. 48-49'C; 1H NMR (CDCI3) 87.78 (2H, m), 7.49 (2H, m). 6.99 (1H, br d, J=7.4 Hz)
4 49 (1H, ddd, J=7.4, 7.1, 5.2 Hz), 4.42 (2H, s), 3.80 (3H,s), 2.60 (2H, t. J=7.4 Hz) 2 29
(1H, m), 2.17 (1H. m), 2.12 (3H, s); 13C NMR (CDCI3) 5 177.50. 166.54, 135.97, 134.06,
131.18, 128.89, 126.84, 126.71, 54.09, 52.47, 51.95, 31.38. 30.00.15.30.

Step C
(3-(Aminomethvnben7oyn.MAt.flC7H

jA suspension of (3-(azidomethyl)benzoyl)-Met-OCH
3 (1.29 g, 4.0 mmol) and 5%

palladium on carbon (0.2 g) in methanol (40 mL) was stirred under a hydrogen
atmosphere (1 atm) for two days at room temperature. The catalyst was removed by
filtration through celite (1.5 g) and the solvent was evaporated in vacuo. The residue
was washed with water (5 mL x 2) and dried to give the desired product (1 12 g) as a
colorless foam. 1H NMR (CDCI3) 8 7.81 (1H. s), 7.68 (1H, d, J=7.4 Hz), 7.45 (1H. d.

J=6.5 Hz). 7.36 (1H, t, J=7.4 Hz), 4.91 (1H, ddd. J=7.3. 7.1, 5.1 Hz), 3.90 (2H, s) 3 77
(3H, s), 3.21 (2H, br s), 2.59 (2H. t. J=7.4 Hz). 2.20 (1H. m), 2.12 (1H, m), 2.09 (3H s)

Compound 9

(4'(AminomRthvnben7oVi).M^.r>r.Hj
The title compound is prepared according to the procedure used to prepare

Compound 1 but replacing 3-(chloromethyl)benzoyl chloride with

4-(chloromethyl)benzoyl chloride.

Compound. 3
O-Aminobenzovn-Mflt.nfiHj

The title compound was prepared according to the procedure described in J Biol
Chem. 2S3 12410-12413 (1994).
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Compound 4

(4-Aminobenzovh.Met.onMj

Step A

N-BOC-4-Aminoben?nir arjd,

4-Aminobenzoic acid (10 g, 72.9 mmol) was placed into a mixture of dioxane
(145.8 mL) and 0.5 M NaOH (145.8 ml). The solution was cooled to 0°C and di-t-butyl

dicarbonate (23.87 g, 109.5 mmol) was added. The reaction mixture was allowed to

warm to room temperature and stirred overnight. The next day, the dioxane was
removed, the residue was made acidic and extracted into ethyl acetate. The ethyl

acetate fractions were combined and washed with 1N HCI to remove any unreacted
starting material. The solution was dried over Na2S04 and the solvent was removed in

vacuo. The crude material was recrystallized from ethyl acetate/hexanes to provide the
desired product (12.2 g): m.p. 189-1906C; 1H NMR (CD3OD) 6 1 .52 (9H, s), 7.49 (2H, d,

J=8.6 Hz), 7.91 (2H, d, J=8.6 Hz), 9.28 (1H, s); l^C NMR (CD3OD) 8 28.59, 81.29,

118.54, 125.30, 131.81, 145.70, 155.00, 169.80;
Anal. Calc. for C12H15N04 , C: 60.76, H: 6.37, N: 5.90; Found, C: 60.52, H: 6.43, N: 5.83;
HRMS Calc. for C12H 15N04 , 237.0961

,
Found, 237.1001.

StepB
(N-BQC-4-Aminobenzovn-Met-OCH

a
Into a dried, nitrogen filled flask was placed N-BOC-4-aminobenzoic acid (8.77 g,

36.97 mmol) in dry methylene chloride (1 48 mL) along with methionine methyl ester

hydrochloride (8.12 g, 40.66 mmol). This solution was cooled in an ice bath and
triethylamine (6.7 mL), EDCI (7.80 g, 40.66 mmol) and hydroxybenzotriazole (HOBT,
5.50 g, 40.66 mmol) were added. The mixture was stirred overnight, diluted with more
methylene chloride and was extracted three times each with 1 M HCI, 1 M NaHC0

3 and
water. The methylene chloride was dried over MgS04 and the solvent was removed in

vacuo. The resulting solid was recrystallized from ethyl acetate/hexanes to yield the
desired product (9.72 g): m.p. 184-185°C; 1H NMR (CDCI3) 8 1.53 (9H, s), 2.06-2.18

(4H, m), 2.23-2.33 (1H, m), 2.59 (2H, t. J=7.6 Hz), 3.80 (3H, s), 4.92 (1H, m), 7.45 (2H
d, J=8.7 Hz), 7.77 (2H, d, J=8.7 Hz), ™C NMR (CDCI3) 8 15.59, 28.34, 30.15, 31.64.

'

52.10, 52.73. 81.20, 117.73, 127.8, 128.33, 141.88, 152.33, 166.50, 172.75;
Anal. Calc. for C18H26N205S, C: 56.53, H: 6.85, N: 7.29; Found, C: 56.47, H: 6.86. N:

7.29; m/z (El) 382 (M).
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S12XLC
^.AminobftnTnyj).^.^^ .

^ ^
N-BOC-4-aminobenzoyl-Met-OCH

3 (3.53 g, 9.59 mmol) was placed into
methylene chloride (30-35 mL) and to it was added 3M HCI/Et0

2 (38.4 mL). After
standing, a white precipitate formed. After two hours the solution was decanted and the
crystals were collected by centrifugation. The crystals were then washed several times
with fresh ether and dried overnight on the vacuum pump. Meanwhile, the filtrate was
left to stand overnight to allow additional product to precipitate. The second fraction was
washed with ether and dried overnight on the vacuum pump. The total yield of the
des,red product was 2.87 g: m.p. 158-1 64»C; 1H NMR (CDCI3) 82.10 (3H, s). 2 12-
2.29 (1H, m), 2.52-2.71 (1H, m), 2.59 (2H, t, J-7.6 Hz), 3.75 (3H, s), 4.79 (1H m) 7 02
(2H, d. J=8.6 Hz), 7.55 (2H, d, J=8.6 Hz); 13C NMR (CDCI3) 8 15.23, 31.43, 31 53
52.91. 52.43, 124.35, 130.56, 135.31, 135.76, 168.95. 173.87; HRMS Calc. forC 13H 18N2°3S - 282.1038, Found 282.1009.

Compound, S
(4-Amino-3-mRthvlben7nV|).Mot-OCHj

Step A
N-BOC-4-Amino-3.rT^Y|benzoic ari^

4-Amino-3-methylbenzoic acid (5 g, 33.1 mmol) was reacted according to the
same procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid
The resulting orange-brown solid was recrystallized from ethyl acetate and hexanes to
provide the desired product (4.99 g) as tan prismatic crystals: m.p. 180-182'C" 1 H NMR
(CD30D)81.51 (9h, s), 2.27 (3H,s), 7.66 (1H,d,J=8.1 Hz). 7.79-7.82 (2H m)' 832
(1H, s); 13C NMR (CD30D) 8 17.98. 28.62. 81.47, 123.12, 127.05, 129 14 130 65
132.99, 142.45. 155.33, 168.70; Anal. Calc. forC 13H17N04 , C: 62.15, H: 6.82, N: 5 58'
Found C: 62.07, H: 6.86, N: 5.46; m/z (El) 251; HRMS Calc. for C13H17N04 . 251 1

158-'

Found. 251.1153.

StepB

(N-BQC-4-Amino-3-methviben7nyi\.M<,
t
.npH^

N-BOC-4-amino-3-methylbenzoic acid (2.00 g, 7.96 mmol) was reacted with with
methionine methyl ester hydrochloride (1 .75 g, 8.76 mmol). triethylamine (1 .4 mL). EDCI
(1 .68 g, 8.76 mmol) and hydroxybenzotriazole (HOBT, 1.18 g. 8.76 mmol) in dry
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methylene chloride (31.8 mL) according to the procedure described for the preparation of

N-BOC-4-aminobenzoyl)-Met-OCH
3 . The resulting solid was recrystallized from ethyl

acetate/hexanes to yield the desired product (2.61 g): m.p. 163-165°C; 1 H NMR
(CDCI3 ) 8 1.54 (9H. s), 2.06-2.18 (4H, m), 2.23-2.34 (4H, m), 2.59 (2H, t, J=6.8 Hz), 3.80

5 (3H, s), 4.92 (1H, m), 6.45 (1H, s), 6.88 (1H, d, J=7.5 Hz), 7.63 (1H, d, J=8.6 Hz), 7.66
(1H, s), 8.05 (1H, d, J=8.6 Hz); 13C NMR (CDCI3) 8 15.47, 17.61, 28.22, 30.03, 31.55.

51.93, 52.57, 81.04, 118.73, 125.62, 127.66, 129.54, 139.89. 152.34. 166.58. 172.66.

StepC
10 (4-Aminp-3-methvlbenzovl)-Met-OCH

3
hydrochloride

N-BOC-4-Amino-3-methylbenzoyl-Met-OCH
3 (0.99 g, 2.59 mmol) was dissolved in

methylene chloride (15-20 mL) and precipitated with 3M HCI/Et20 (20.7 mL). A pale

orange precipitate was obtained, washed with ether and dried overnight on the vacuum
pump. The total yield of the desired product was 0.83 g: m.p. 157-1 59°C; 1 H NMR

is (CD3OD) 8 2.04 (3H, s), 2.1 1-2.25 (1H, m), 2.47 (3H, s), 2.52-2.68 (3H. m), 3.74 (3H, s),

4.75-4.80 (1H, m), 7.48 (1H, d, J=8.2 Hz), 7.81 (2H, d, J=8.2 Hz), 7.87 (1H, s); ™C NMR
(CD3OD) 8 15.23, 17.28, 31.43, 31 .51 , 52.91 , 53.37, 124.41, 127.85, 131.99, 133.63,

134.14, 135.65, 169.05, 173.84; Anal. Calc. for C14H21 N203S, C: 50.52, H: 6.36, N:

8.42; Found C: 50.71, H: 6.40, N: 8.34.

Compound 6

(4-Amino-3-mftthnyyhflnzoylWMet-OCH
3

25 Step A

N-BQC-4-Amino-3-methQxybenzQic acid

4-Amino-3-methoxybenzoic acid (1 g, 5.98 mmol) was reacted according to the

same procedure as that used in the process for preparing N-BOC-4-aminobenzoic acid.

The resulting solid was recrystallized from ethyl acetate and hexanes to provide the

30 desired product (1 .5 g) as tan crystals: m.p. 1 76-178°C; 1 H NMR (CD3OD) 8 1 .52 (9H,

s), 3.92 (3H. s), 7.56 (1H, s), 7.62 (1H, d, J=8.4Hz). 7.96 (1H, s). 8.03 (1H, d, J=8.4 Hz);
1 3C NMR (CD3OD) 828.53. 56.35, 81.78, 112.01, 1 18.58, 124.20, 125.76. 133.84,

149.04, 154.20. 169.60; HRMS Calc. for C13H17N05 , 267.1107; Found. 267.1103.
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StepB

(N-BQC-4>Amino-3-methoxvhpn7nY)).^ft.r>rHj
N-BOC-4-amino-3-methoxybenzoic acid (0.35 g, 1.31 mmol) was reacted with with

meth.on.ne methyl esier hydrochloride (0.9 g, 1 .43 mmol) using EDCI according to theprocedure described for the preparation of (N-BOC-4-aminobenzoyl)-Met-OCH
3

n^!^9f
Hd WaS recrystalli2ed from ethy' acetate/hexanes to yield the desired

product (0.36 g): m.p. 163-165'C; 1H NMR (CDCI
3) 8 1.53 (9H, s), 2.09-2.18 (4H m)

2.23-2.35 (1H, m). 2.60 (2H, t, J=6.9 Hz), 3.80 (3H, s), 3.93 (3H, s), 4.92 (1H, br s), 6.93
(1H, d J=7.6 Hz), 7.25(1H, m), 7.31 (1H, d. J=10.2 Hz), 7.44 (1H, s), 8.15 (1H d J=8 5
HZ); 13C NMR (CDCI3 ) 8 15.47, 28.23, 30.09. 31.48, 52.06, 52.54, 55.81 80 82! 9^6
109.38, 116.66, 119.31, 131.52, 147.23, 152.31. 166.57. 172.58; m/z (FAB) 413 (M + ij.

(4-Aminc-3-methoyyhanm|)-M°t-r
>':H3 hvdrochl0ririP

N-BOC-4-Amino-3-methoxybenzoy|.Met-OCH
3 (0.71 g. 1 .79 mmol) was dissolved

in methylene chloride (4 mL) and precipitated with 3M HCI/Et20 (12 mL). A reddish
precipitate was obtained, washed with ether and dried overnight on the vacuum pumpThe total yield of the desired product was 0.55 g: m.p. 176-1 77'C; 1 H NMR (CD3OD)8

MM flJ?; u
2

! I
2"' m)

'

2 -61 (2H> m)
'

374 (3H
'
S)l 4 02 (3H

«
s>' 479

(
1H

-
7-50

(1H, d, J=8.2 Hz), 7.57 (1H. d, J=4.1 Hz), 7.67 (1H, s); 13C NMR (CD.3OD) 8 15.26
31.34, 31.42, 52.95, 53.38. 57.12. 112.29, 121.43. 124.57, 124.77. 136.15, 153

67*

Compound 7
(4-AminQ.l.nap^pyn.Met.nr.^

Step A
4-Amino-1.nflDhthoiR acfl

4-Amino-1-naphthalenecarbonitrile (1.5 g. 8.91 mmol) was suspended in a 50%
solut,on

^
18 mL)- 106 heterogeneous solution was heated at reflux for 2-3 days

Once the solution became homogeneous and TLC showed no more starting material, the
deep red solution was cooled and poured over 200 mL of water. The resulting solution
was then filtered and the desired product was precipitated with concentrated HCI The
resulting red crystals were filtered and the filtrate was refiltered to give pink crystals The
first fract.on of crystals was treated with activated carbon to remove some of the red
color. A total of 1 .51 g of the desired product was obtained: m.p. 1 69-1 71 °C- 1 H NMR
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(CD3OD) 86.69 (1H, d, J=8.2 Hz), 7.38-7.43 (1H, m), 7.48-7.54 (1H, m), 8.03 (1H, d,

J=8.5 Hz), 8.13 (1H, d, J=8.2 Hz), 9.09 (1H, d, J=8.5 Hz); ™C NMR (CD3OD) 6 107.39,

114.61, 122.99, 123.92, 125.21, 127.40, 128.48, 135.04, 151.35, 171.44; HRMS Calc.

forC
11
H7N02 , 187.0633; Found, 187.0642.

5

StepB

N'BQC-4-Amin.Q-i -naphthoic acid

4-Amino-l -naphthoic acid (0.86 g, 4.61 mmol) was dissolved in dioxane (9.2 ml_).

Di-t-butyl dicarbonate (1 .1 1 g, 5.07 mmol) was added ar.d the mixture was stirred

10 overnight. The reaction mixture was worked up as described above for N-BOC-4-

aminobenzoic acid to give 0.76 g of the desired product as a reddish pink solid: m.p.

194-195°C; 1H NMR (CD3OD) 8 1.56 (9H, s), 7.53-7.62 (2H, m), 7.79 (1H, d, J=8.1 Hz),

8.12 (1H, d, J=8.0 Hz), 8.22 (1H. d. J=8.18 Hz), 9.02 (1H, d, J=8.9 Hz); 13C NMR
(CD3OD) 826.68, 81.62, 119.06, 123.40, 124.57, 127.03, 127.37, 128.49, 128.77,

15 131 .89, 133.76, 139.86, 155.95, 170.73; Anal. Calc. for C17H17N04 , C: 66.90. H: 5.96,

N: 4.88; Found C: 66.49, H: 6.08, N: 4.79; m/z (El), 289; HRMS Calc. for C16H17N04 ,

287.1158; Found. 287.1151.

StepC

20 (N-BOC4-Amino-1-naDhthovn-Met-OCH3

N-BOC-4-Amino-naphthoic acid (0.46 g, 1.60 mmol), methionine methyl ester

hydrochloride (0.35 g, 1 .76 mmol), EDCI (0.43 g, 1 .76 mmol), HOBT (0.24 g, 1 .76 mmol)

and triethylamine (0.27 mL) in methylene chloride (6.4 mL) were reacted as described

above for N-BOC-4-aminobenzoyl-Met-OCH3. After workup and recrystallization from

25 ethyl acetate hexanes, the desired product (0.44 g) was obtained as pale pink crystals:

m.p. 131-132°C; 1 H NMR (CDCI3) 8 1.57 (9H, s). 2.1 1-2.21 (4H, m), 2.29-2.41 (1H, m),

2.65 (2H, t, J=7.1 Hz), 3.83 (3H, s), 4.99-5.06 (1H, m), 6.68 (1H, d, J=8.0 Hz), 7.02 (1H,

s), 7.56-7.59 (2H, m) 7.69 (1H, d. J=7.9 Hz), 7.87-7.90 (1H, m). 8.02 (1H, d, J=7.9 Hz),

8.44-8.48 (1H, m); 13C NMR (CDCI3) 8 15.56, 28.31, 30.19, 31.65, 52.06. 52.64. 81.17.

30 115.82, 120.18, 125.79, 126.37, 126.53. 127.18, 131.02, 135.65, 152.93, 169.04,

172.40; HRMS Calc. for C22H28N205S, 432.1719; Found, 432.1702; m/z (FAB) 433

(M+1).

StepD
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f4'Amino- 1 -nat>hth^Y»-M^t C^Hj hvdrochloririfl

(N-BOC-4.Amino-1-naphtholyl).Met-OCH
3 (0.57 g, 1.31 mmol) was deprotected

MMD
H
^n

th

^!°c
yie,d the deSir6d Pf0duct (0 '31 9) ^ a white solid: m.p. 178-181°C- 1 H(CD3°D)
5 2-<*-2.16 (4H, m), 2.20-2.30 (1H, m) 2.57-2.75 (2H, m> IL (3H s)

MHdf

/

(

7
H
; o^u

5
?
(1H ' d

'

J=7'5 HZ)
'

767
<
1H

'
d

«
Hz

> 7.71-7.80 (2H, mi 8 03(1H, dd. J=7.1, 2.0 Hz), 8.35 (1H, dd, J=6.6, 1.8 Hz); 13C NMR (CD3OD) 5 15 23

I^V^^3;^'0, 122 -20
'

126 ' 15, 127-41 ' 127-77
-
^9.09, 129.31. 131.50,

132.33, 135.64, 171.77, 173.83; m/z (FAB), 369 (M+1).

Compound
ft

(4-AminQ-?-nhftnvlhen7nvn.M«t.r^
j

Step A
4-Nrtro-2-nhAnvltQliiflnfl

2-Bromo-4-nitrotoluene (2.16 g, 10.00 mmol) and phenylboric acid (1 .46 g 12 00

2«wZTT£* n

£T£ °MF (25 mL>^ nitr096n
-
T° this -asadded Pd(Ph3P)4 (0.58 g, 5%). The mixture was heated at 100°C overnight The

solut.cn was poured onto 1 N HCI and extracted with Et20. The crude product was
chromatography on silica gel using hexanes as eluent. After recrystallization from

T^H^SST?!?? ° 23 9> W3S °btain9d 38 Pale °ran9e needles: "-P. 69-

(2H, m), 13C NMR (CDCI3) 520.68, 121.96. 124.51, 127.78, 128.41, 128.83, 131 06
139.06. 139.44, 142.97, 143.48, 146.05; Ana,. Calc. for Ct3H1lN0, C: 73.26 H: 5 20,6 571 F°Und

'
C: 73 - 10

'
H: 5-12, N: 6.50; m/z (El) 213; HRMS Calc. for C13H1lN0,

213.0790; Found, 213.0793.
13 " 2 '

StepB

4-Nitro-2-Dhenylbfln^i
ff gcfl

DVriHin!"/^T
h^ylt0'Uene

(°'5 9* 2 34 mmol) was dissolved in water (4.6 mL) andpynd,ne (2.3 mL). The mixture was heated to reflux and KMn0
4 (1 .85 g, 5 1 .7 mmoi) was

added. The reaction mixture was heated overnight and the solution was filtered andwashed several times with boiling water. The aqueous solution was made acidic and the

Tso
W
an

S

draT int
° 8,hy ' aC6tate

-

Th6 6thy ' aC6tate S0lu«- -as dried overNagSC, and the solvent removed in vacuo to provide the desired product (0 37 q)- m D17*WC, 1H NMR (CD
3OD) 8 7.38-7.48 (5H, m), 7.96 (1H, d, Ls Hz) 8 21 |lH d
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J=2.3 Hz), 8.28 (1H, dd, J=8.48, 2.37 Hz); ™C NMR (CD
3OD) 8 122.95. 126.09. 129.27.

129.42. 129.49. 131.56. 139.26. 140.42, 144.41, 150.17, 170.52; m/z (El) 243 (M).

SlflBLfi

s f4»Nitro>2-Dhenvlben7Qvh.Mftt.nnH
3

4-Nitro-2-phenylbenzoic acid (0.3 g, 1.23 mmol), methionine methyl ester

hydrochloride salt (0.27 g, 1.35 mmol), EDCI (0.26 g, 1.35 mmol), HOBT (0.18 g, 1.35

mmol) and triethylamine (0.19 mL) in dry methylene chloride (4.9 mL) were reacted
according the procedure described above for (N-BOC-4-aminobenzoyl)-Met-OCH

3 . After

io recrystallization of the product from ethyl acetate hexanes, the desired product (0.41 g)
was obtained: m.p. 98-1 01 °C; 1 H NMR (CDCI

3 ) 6 1.62-1.73 (1H, m), 1.79-1.88 (1H, m).

1.91 (3H. s). 1 .99 (2H, t, J=7.2 Hz). 3.59 (3H, s), 4.53 (1H, m), 6.45 (1H, d. J=7.8 Hz).
7.33-7.40 (5H, m). 7.67 (1H. d, J=8.3 Hz), 8.07-8.12 (2H, m); 13c NMR (CDCI3 ) 5 14.92.

29.11. 30.67, 51.51, 52.29, 121.86, 124.74, 128.27, 128.60; 128.69. 129.52, 137.50,

15 140.56, 141.02, 148.09, 167.23, 171.23; m/z (FAB), 389 (M+1).

Step D
<4-Amino-2-phenvlben70vn-Mflt.nr.H3

(4-Nitro-2-phenylbenzoyl)-Met-OCH
3 (0.35 g, 0.90 mmol) was dissolved in ethyl

20 acetate (9.0 mL). To this mixture was added SnCI
2

• 2H20 (1 .02 g, 4.5 mmol) and the

reaction mixture was heated under nitrogen at reflux for one hour. The mixture was
poured onto ice, the solution was made basic using NaHC03 and the product was

extracted into ethyl acetate several times (7-8). The ethyl acetate solutions were
combined, washed with brine and dried over Na

2S04 . The solvent was removed in

25 vacuo to the desired product (0.24 g) as a yellow solid: 1 H NMR (CDCI3 ) 8 1 .58-1 .70

(1H, m), 1.80-1.92 (1H, m), 1.98 (3H, s), 2.06 (2H, t, J=7.7 Hz), 3.62 (3H, s), 4.00 (2H, br

s), 4.56-4.63 (1H, m), 5.84 (1H, d, J=7.7 Hz), 6.50 (1H, s), 6.61 (1H, d, J=8.4 Hz) 7.29-

7.42 (5H, m), 7.58 (1H, d, J=8.3 Hz); 13C NMR (CDCI3) 8 15.02, 29.25. 31.25, 51.57.

52.15, 113.27, 115.88. 123.52, 127.56, 128.37, 128.44, 130.92, 140.66, 141.44, 148.53,

30 168.58, 171.91.

Compound 9

(4-Amino-2-f2-thienvnbenzovh.M6t-QCH
3

The title compound can be prepared according to the method used to prepare

Compound 8, only substituting thiophene-2-boronic acid for phenyl boronic acid.



WO 97/17070 PCT/US96/17092

48

Compound m
f4-Amino-2-( 1-nanhthvnben7nYn-MAt.ppH

a
The title compound can be prepared according to the method used to prepare

Compound 8, only substituting 1-naphthylboronic acid for phenylboronic acid.

Compound 1

1

4-Amino.a i

.mAthY|frjpfmny|

The title compound was prepared by Suzuki coupling of 1-bromo-4-nitrobenzene
and 1-bromo-3-methylbenzene.

Compound 1?

4-Amino-4'-biDhenVl sarfegaylis fltirf

Step A
^Nitro^t'-mflthylhip^flnYl

The title compound was prepared by Suzuki coupling of 1 -bromo-4-nitrobenzene
and 1-bromc~4-methylbenzene.

StepB

4-Nitro-4'-biPhftnvt carboxyiir arid,

The title compound was prepared by KMn0
4 oxidation of 4-nitrc~4'-

methylbiphenyl.

Sifip_C

4-Amino-4'-biphBnVl r.»rt}m\\': acid
The title compound can be prepared by palladium catalyzed hydrogenation of 4-

nitro-4'-biphenyl carboxylic acid.
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Compound 13

4-Amino-3'-biDhanvl carboxylic acid

Step A

4.Njtro-3'-mathylhiphenY|

The title compound was prepared by Suzuki coupling of 1-bromo-4-nitrobenzene

and 1-bromo-3-methylbenzene.

SjfipJB

4-Nitro-3'»biPhenvl carboxylic aciri

The title compound was prepared by KMn04 oxidation of 4-nitro-3'-

methylbiphenyl.

StepC

4-Amino-3'-biphenvl carboxylic acid

The title compound can be prepared by palladium catalyzed hydrogenation of 4-

nitro-3'-biphenyl carboxylic acid.

Compound 14

4-Amino-2-methoxv-3 ,

-biohenvl carboxylic acid

Step A

2-Methoxv-4-nttro-3'-methvlbiphenvl

The title compound was prepared by reaction of 1-bromo-2-methoxy-4-

nitrobenzene with 3-methylphenylboronic acid in the presence of palladium acetate.

2-Methoxv-4-nitro-3'-biphenvlcarboxvlic acid

The title compound was prepared by KMn04 oxidation of 2-methoxy-4-nitro-3'-

methylbiphenyl.

StepC

4-Amino«2«methoxv-3'-biphenvl carboxylic acid

The title compound can be prepared by palladium catalyzed hydrogenation of 2-

methoxy-4-nrtro-3'-biphenyl carboxylic acid.
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Compound
f ft

^Amipo-g-isopronvioxv-fl'-biohsiy carbaadic acid
The title compound can be prepared by methods analogous to those used to

prepare Compound 14.

Compound
1ft

4-Amino-2-phenvl-3
,

-bjphflnVi^rt7orY|jT:f1n^
The title compound can be prepared by methods analogous to those used to

prepare Compound 14.

Compound 17

(4-Amin0'2-f3,5-dimRthvlnhenyhhAn^Y|).^ot-nrHj

Step A

2-Bromo-4-nitroben?nic agH
2-Bromo-4-nitrotoluene (5.0 g, 23.14 mmol) was dissolved in pyridine (23 mL) and

water (46 mL). The heterogeneous mixture was heated to 60°C and KMn04 (18.29 g,
1 15.7 mmol) was added carefully. The mixture was then heated under reflux overnight
The reaction mixture was filtered and washed with boiling water. The solution was then
made ac.d.c and extracted into ethyl acetate, dried over Na

2S04 and the solvent was
removed in vacuo. The crude product was dissolved in aqueous NaOH and washed with
hexanes. The aqueous phase was made acidic and the product was extracted into ethyl
acetate. The ethyl acetate solutions were combined and dried over Na2S04 and the
solvent was removed in vacuo to provide the desired product (3.72 g): m p 158-160°C-
1H NMR (CD3OD) 67.81 (1H, d, J=8.5 Hz). 8.08 <1H d. J*i Hz) 8.30 <1H s)-Z
NMR (CD3OD) 8 121.96, 122.75. 129.36. 132.24, 139.52, 149.54, 167.75; Anal. Calc
for C7H4BrN04 0. 1 ethyl acetate, C: 34.88, H: 1 .90, N: 5.50; Found, C: 34.68 H- 1 86
N:5.82.

'

StepB

3.5.Dimethylph?nY|boronic aCfl

Magnesium turnings (1 .44 g, 59.43 mmol) were coverd with dry THF (18.8 mL) ii

I. nitrogen filled flask fitted with an addition funnel and reflux condenser To this
Ided 5-bromo-m-xylene (10 g, 54.03 mmol) in THF (15 mL) after initiation of the
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Grignard reaction. The addition was carried out over several minutes and the reacton
mixture was heated at reflux for 1-2 hours until most of the magnesium had reacted. The
reaction mixture was then cooled and transferred to an addition funnel fitted to an
nitrogen filled flask containing triisopropyl borate (24.9 mL) at -70°C. The dropwise

5 addition was carried out over several minutes and the mixture warmed to room
temperature and stirred overnight. The grey solution was poured onto 2 M HCI and
immediately turned yellow. The solution was extracted with Et20 and the Et^O fractions

were combined, dried over MgS04 and the solvent was removed in vacuo to provide the
desired product (2.41 g): m.p.249-251°C; ^H NMR (CDCI3) 82.44 (6H, s), 7.23 (1H, s),

10 7.84 (2H, s); 13C NMR (CD3OD) 621.36, 133.28. 134.39. 137.48.

SteoC

4-Nitro-2-f3.5-dimethvlphanx/nben2oic acid

2-Bromo-4-nitrobenzoic acid (0.43 g, 2.03 mmol) and 3,5-dimethylphenyl boronic

15 acid (0.334 g, 2.23 mmol) were dissolved in anhydrous DMF (25 mL) under nitrogen. To
this mixture was added Cs2C03 (1.66 g, 5.08 mmol) followed by Pd(Ph

3P)4 (0.12 g, 5%).

The mixture was heated at 100°C overnight. The solution was poured onto 1N HCI and
extracted with Et20. It was dried over MgS04 and the solvent was removed in vacuo.

The crude product was chromatographed on silica gel using a 9:1 mixture of hexanes
20 and ethyl acetate to provide the desired product (0.34 g):

i H NMR (CDCI3) 5 2.36 (6H,

s), 6.99 (2H, s), 7.07 (1H, s), 8.03 (1H, d, J=9.0 Hz), 8.23-8.25 (2H. m); «C NMR
(CDCI3) 521.28, 121.68, 123.68, 125.74, 126.07. 130.22, 131.19. 131.31, 135.04,

138.21, 144.74, 170.75.

25 StepD
(4-Nitro-2-f3.5-dimflthvlPhenvhben7Qyn.Met.QCH

a
4-Nitro-2-(3,5-dimethylphenyl)benzoic acid (0.15 g, 0.55 mmol), methionine methyl

ester hydrochloride (0.1 1 g, 0.55 mmol), EDCI (0.1 1 g, 0.55 mmol), HOBT (0.07 g, 0.55
mmol) and triethylamine (0.08 mL) in dry methylene chloride (2.2 mL) were reacted and

30 worked up according to the procedure for (N-BOC-4-aminobenzoyl )- Met-OCH3 as

described above. After recrystallization from ethyl acetate and hexanes, the desired
product was obtained (0.13 g): m.p. 122-124°C; 1 H NMR (CDCI3 ) 5 1 .2-1 .84 (1H, m),

1.85-1.97 (1H, m), 2.01 (3H, s), 2.05 (3H, t, J=7.7Hz), 2.38 (6H, s). 3.70 (3H, s), 4.67-

4.74 (1H. m), 6.03 (1H, d, J=7.9 Hz), 7.05 (2H, s). 7.09 (1H, s), 7.84-7.87 (1H. m). 7.84-

35 7.87 (1H, m) 8.23-8.26 (2H, m); ™C NMR (CDCI3) 5 15.20, 21.26, 29.22, 31.15, 51.79,

52.57, 122.07, 125.11, 126.27, 130.03, 130.53, 137.77, 138.82, 140.29, 141.56, 148.41,

167.14, 171.53.
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SteoE
(4-Amino-?-f3 5dflmflthylBbgny|)benzadBtefcQSlj

,

(4-N.tro-2-(3,5-dimethylphenyl)ben2oyl)-Met-OCH
3 (0.1 1 g, 0 .2| mmol) was

d,sso*ed,nethy, acetate (3.0 mL). To this mixture was added SnC,
2

• 2H"o 0 3 g 1 30mmol) and the reacton was heated under nitrogen at reflux for fiho,l rL ^
'

wo*ed up a, described above ,orI««SSS^Sl^~
d«,red product (0.15 8): ,HNMR (CDCySI.SO-LTOOH m), ,.90.1.90,Hm« 99

>'
^ 6-49 <1K * J=a-3

H

*> 662 OH dd « * 2 4 H2 ) 698 13H

m^.1

^;.
15'94

'

,23-55' ,263e' ~* »•* —
•

«i*

Preparation 1

Aniline* ol
[fe fom,ito gjj^

n^™
97T "°m Tab'e 2

'^ 1tM26 (B"NH
*> are "he

Z^T ^mP°UnClS 1
-
1 a "* "»—•*» thai meu,ion»» methyl ester is

ZTE m
™,h'0n'™sultone"«M (S-Melcystein, methy, ester senne methylester. (O.Me)senne methyl ester, (O-Me)homoseHne methy! ester, homoserine lade™m

|

eucne methy, ester, leucine methy, ester, norteudne mem* es,e, noJ nemX
r^r* me,hyi es,er

' phenyiabnine """" 0ste
'' -«**-

,CO,Me

v— SMe

Preparation ?

4-Bromo-?-phgnvlhPn7ovi methionine mafhY
, ^trr

Preparation
pft

4-Bromo-2-nhBnvlb6n7oir^ ntnr
A solution of methyl 4-amino-2-phenylbenzoic acid (1 .0 equivalent) in diluteaqueous HBr is treated with NaN02 (1 , equivalents) to form the diazonium sTlhe
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reaction is treated with CuBr (1.1 equivalents) and heated. When judged complete by

TLC analysis, the mixture is extracted into ethyl acetate which is dried and evaporated.

The title arylbromide is purified by chromatography on silica gel.

Preparation 9R

4-Bromo-2-Dhenvlbanzoic acid

To a solution of the resultant compound from Preparation 2A (1 .0 equivalent) in a

3:1 mixture of tetrahydrofuran (THF) and water is added an excess (1 .5 equivalents) of

LiOH. When hydrolysis is judged complete by TLC analysis, the solvent is evaporated

and the remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate

which is dried and evaporated prior to purification by chromatography on silica gel.

Preparation 2C

4-Bromo-2-Dhenvlbenzovl methionine methyl ester

To a solution of the resultant compound from Preparation 2B (1 .0 equivalent) in

dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5

equivalents) followed by methionine methyl ester (1.0 equivalent) and 1-(3-

dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1 .5 equivalents). When judged

complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed by

1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction

mixture is purified by column chromatography to afford the title product.

Preparation 2D

4-Bromo-2-Phenvlbenzovl methionine methvl ester alternate procedure

A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) in

dilute aqueous HBr is treated with NaN02 (1.1 equivalents) to form the diazonium salt.

The reaction is treated with CuBr (1.1 equivalents) and heated. When judged complete

by TLC analysis, the mixture is extracted into ethyl acetate which is dried and

evaporated. The title arylbromide is purified by chromatography on silica gel.

Preparation 3

Arvlbromides of the formula P-Br

The anilines from Table 2 (B-NH2) are reacted according to the procedures of

Preparation 2 to provide the arylbromides listed in Table 3.
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rr̂
^ "CONHMet

Example 1

K-fg-PYridvlOXV^P-nhflnvlbenynYllrpftthin^in^

Example 1A

4-HYdroxy-2-phenvlben7oic acid methvl ester

A solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous
H2S04 is treated with NaN02 (1.1 equivalents) until an excess of nitrous acid persists to
form the diazonium salt. This salt is then diluted further with water and heated. The
mixture is extracted into ethyl acetate which is dried and evaporated. The title ester is

purified by chromatography on silica gel.

Example 1B

4-(2-PvridvlOXVV?-nh*nVlben?oir ariri methvl ester

A solution of the resultant phenol from Example 6A (1 .0 equivalent) is treated with
2-bromopyridine (1 .0 equivalent) in the presence of a NaH (1.0 equivalent), or K2C03
(2.0 equivalents) and copper (1.0 equivalent) in DMF or pyridine. The product is isolated
by removal of the solvent and chromatography on silica gel.

Example 1C

4.f2-PvririvlnYYUp.rhenVlben?nin ariri

A solution of the resultant ester from Example 6B (1 .0 equivalent) in aqueous
methanol is treated with NaOH (2.0 equivalents) and stirred until the reaction is deemed
complete by TLC analysis. The mixture is acidified, diluted with water, and extracted into
ethyl acetate which is dried and evaporated. Chromatography on silica gel provides the
title product.

Example 1D

r4-(2-Pvririvl0XVW2-nhenVH?f,p?QV|lmflthinnin9 methvl ester

To a solution of the resultant compound from Example 1C (1.0 equivalent) in
dimethylformamide (DMF) is added 3-hydroxy.1,2,3-benzotriazin-4(3H)-one (1.5
equivalents) followed by methionine methyl ester (1 .0 equivalent) and 1-(3-

dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with
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1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction

mixture is purified by column chromatography to afford the title product.

Example 1E

f4-(2'PvriQVIoxv)-2»Phenvlbenzovl1methionine methyl aster, alternate pioggdmg
A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent) in

dilute aqueous H2S04 is treated with NaN02 (1.1 equivalents) until an excess of nitrous

acid persists to form the diazonium salt. This salt is then diluted further with water and
heated to form the phenol which is purified by chromatography on silica gel. A solution of

this phenol (1 .0 equivalent) is treated with 3-bromopyridine (1 .0 equivalent) in the

presence of a NaH (1 .0 equivalent), or K2CO3 (2.0 equivalents) and copper (1 .0

equivalent) in DMF or pyridine. The product is isolated by removal of the solvent and
chromatography on silica gel.

Example 1F

f4-f2-PVridvlQXV^2-Phenvllbenynvlmpthinninft

The resultant compound from Example 6E is hydrolyzed according to the

procedure of Example 1 B to give the title product.

CONHMet

Example 2

f4-(3-PVridvlmethvloxvW?.phenvlb»n ynVnm6thionine

The title compound is prepared as described in Example 1 with the exception that

2-bromopyridine is replaced by 3-chloromethylpyridine hydrochloride.
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CONHMet

Example 3

f4-(3-Pvridvlmethvlthiol-2-phenvlbenzovnmethionine

Example 3A

4-Mercapto-2-phenvlbenzoic acid methyl ester

A solution of methyl 4-amino-2-phenylbenzoic acid (1.0 equivalent) in dilute

aqueous H2S04 is treated with NaN02 (1 -1 equivalents) to form the diazonium salt. The
reaction is treated with Ss (10 equivalents) and heated. The mixture is extracted into

ethyl acetate which is dried and evaporated. The title thiophenol is purified by

chromatography on silica gel.

Example 3B

4-(2-Pvridvlmethvlthiol-2-phenylbBn7oic acid methvl ester

A solution of the resultant thiophenol (1 .0 equivalent) from Example 3A is treated

with 2-chloromethylpyridine hydrochloride (1.0 equivalent) in the presence of a NaH (2.0

equivalents), or K2CO3 (3.0 equivalents in DMF or pyridine. The product is isolated by

removal of the solvent and chromatography on silica gel.

Example 3C

4-(2-Pvridvlmethvlthiol-g-phenylhenzoic acid

The resultant compound from Example 3B is hydrolyzed according to the

procedure of Example 6C to give the title acid.

Example 3D

f4-f2-Pvridvlmethvlthio)-2-phenvlbenzovl1methionine methvl ester

To a solution of the resultant compound from Example 3C (1.0 equivalent) in

dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5

equivalents) followed by methionine methyl ester (1 .0 equivalent) and 1-(3-

dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1 .5 equivalents). When judged
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with

1N HCI and saturated brine, and then is dried and evaporated. The crude reaction

mixture is purified by column chromatography to afford the title product.
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Example 3E

f4'(2-PYritfVlm9thvlthio)-2-Dhenvlbenzovl1methioninB methx/1 ester, alternate procedure 1

A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) in

dilute aqueous H2S04 is treated with NaN02 (1 .1 equivalents) to form the diazonium
salt. The reaction is treated with Se (10 equivalents) and heated. The mixture is

extracted into ethyl acetate which is dried and evaporated to afford 2-phenyl-4-

mercaptobenzoyl-methionine methyl ester. The thiophenol is purified by chromatography
on silica gel. A solution of this thiophenol (1 .0 equivalent) is treated with 2-

chloromethylpyridine hydrochloride (1 .0 equivalent) in the oresence of a NaH (2.0

equivalents), or K2CO3 (3.0 equivalents) in DMF or pyridine. The product is isolated by
removal of the solvent and chromatography on silica gel.

Example 3F

f4-(2-PYridYlmethVlthiO)-2-Phenvlbenzovl1methionine methyl ester, alternate procedure 9

Methyl 4-amino-2-phenylbenzoate (100 mmol) is mixed in 50% sulfuric acid, and
is cooled by a ice-water bath. To the above mixture with good stirring is added slowly a
cold solution of sodium nitrite (1 10 mmol) in water, the reaction temperature is kept under

10 °C. Powdered anhydrous sodium carbonate (100 mmol) is carefully added to the cold

reaction mixture in small portions, until the reaction mixture reaches pH 7 to 8. Then, the

reaction mixture is added in small portions to a solution of sodium p-

methoxybenzylsulfide (prepared from reaction 1 10 mmol of p-methoxybenzylthiol with 55
mmol of 2.0 M NaOH aqueous solution). After completion of the addition, the reaction

mixture is refluxed until judged complete by TLC analysis. The reaction mixture is then

extracted with ether, and the organic extracts are washed sequentially with aqueous
sodium carbonate solution, water and brine, dried with anhydrous magnesium sulfate,

filtered, and concentrated in vacuo. The residue is then purified by column

chromatography on silica gel.

The product thus obtained is dissolved in methanol and water , followed by
addition of lithium hydroxide (200 mmol), and the mixture is refluxed until hydrolysis is

judged complete by TLC analysis. The reaction mixture is then acidified with 6 N HCI,

and extracted into ethyl acetate. The organic extracts are washed with brine, dried with

anhydrous sodium sulfate, and concentrated in vacuo. The crude product obtained is

redissolved in methylene chloride, followed by addition of 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide (1.1 equivalent) and 1 -hydroxybenzotriazol (1.2 equivalent). The
reaction is stirred until it is judged complete by TLC analysis, and then is diluted with

ether. The mixture is washed with water, brine, dried over anhydrous magnesium
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sulfate, filtered, and concentrated in vacuo. The residue is then purified by column
chromatography on silica gel.

The resulting product is dissolved in trifluoroacetic acid and anisole (1 .5

equivalent), and mercury diacetate (1 .2 equivalent) is added. After TLC shows no
starting material left, the reaction mixture is diluted with ether, washed with water, brine,

dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
resulting crude material is purified by column chromatography to afford 2-phenyl-4-

mercaptobenzoyl-methionine methyl ester. A solution of this thiophenol (1 .0 equivalent)

is treated with 2-chloromethylpyridine hydrochloride (1.0 equivalent) in the presence of a
NaH (2.0 equivalents), or K2C03 (3.0 equivalents) in DMF or pyridine. The product is

isolated by removal of the solvent and chromatography on silica gel.

Example 3G

f4-0-PvridvlthiomethvlV2-phenviben7oViimathinnin«

To a solution of the resultant compound from Example 3D (1.0 equivalent) in a 3:1

mixture of tetrahydrofuran (THF) and water is added an excess (1 .5 equivalents) of LiOH.
When hydrolysis is judged complete by TLC analysis, the solvent is evaporated and the

remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate which is

dried and evaporated prior to purification by chromatography on silica gel.

Example 4

4-r2-PvridvlthioV2-nhenvlben?0vlm flthiftninp

Example 4A
4-Fluoro-2-phenvl benzoic acid methvl estRr

A solution of methyl 4-amino-2-phenylbenzoate (1.0 equivalent) in dilute aqueous
HBF4 is treated with NaN02 (1 .1 equivalents) until an excess of nitrous acid persists.

The mixture is extracted into ethyl acetate which is dried and evaporated. The title ester
is purified by chromatography on silica gel.
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Example 4B

4-Ftuoro-2-nhenyl benzoic acid

The resultant compound from Example 4A is hydrolyzed according to the

procedure of Example 1C to give the title acid.

Example 4C

4.piimrn.2.phenvl benzyl methionine methvl ester

The resultant product from Example 4B is coupled to methionine methyl ester

according to the procedure of Example 3D to give the title compound.

Example 4D

4-Jg-PvridvlthioU2-ohenyl benzoyl methionine methvl ester

A mixture of the resultant fluorobenzoate from Example 4C (1 .0 equivalent) and 2-

mercaptopyridine (1.0 equivalent) is treated with K2CO3 (2.0 equivalents) or NaH (1.0

equivalent) in DMF or DMSO and is stirred until the reaction is judged complete by TIC

analysis. The mixture is diluted with water and extracted into ethyl acetate which is dried

and evaporated. Chromatography of the residue on silica gel affords the title compound.

Example 4E

4-t2-Pyridvlthiol-2-phenyl benzoyl methionine methvl ester, alternate procedure 1

A solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent) in

dilute aqueous H2SO4 is treated with NaNC-2 (1.1 equivalents) to form the diazonium

salt. The reaction is treated with Sa (10 equivalents) and heated. The mixture is

extracted into ethyl acetate which is dried and evaporated. The title thiophenol is purified

by chromatography on silica gel. A solution of this thiophenol (1 .0 equivalent) is treated

with 2-bromopyridine hydrobromide (1 .0 equivalent) in the presence of a NaH (2.0

equivalent), or K2CO3 (3.0 equivalents in DMF or pyridine. The product is isolated by

removal of the solvent and chromatography on silica gel.

Example 4F

4-(2-PvridvlthioV2-phenvi benzoyl methionine methvl ester, alternate procedure 2

A solution of the resultant thiophenol from Example 3A (1 .0 equivalent) is treated

with 2-bromopyridine hydrobromide (1.0 equivalent) in the presence of a NaH (2.0

equivalents), or K2CO3 (3.0 equivalents) in DMF or pyridine. The product is isolated by

removal of the solvent and chromatography on silica gel. The resultant ester is

hydrolyzed according to the procedure of Example 6C and then is coupled to methionine

methyl ester according to the procedure of Example 1C to give the title compound.
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Exampla 4^
4.r2-Pvririyl»hin}.p.phanY|nrr|MV,mflfhinnjpft

To a solution of the resultant compound from Example 4D (1 .0 equivalent) in a 3-

1

mixture
,

o tetrahydrofuran (THF) and water is added an excess (1.5 equivalentsMUOHWhen hydrolys,s ,s judged complete by TLC analysis, the solvent is evaporated and therema.njng aqueous layer is acidified to pH = 3 and extracted into ethyl acetate which isdned and evaporated prior to purification by chromatography on silica gel

CONHMet

Example 5

4-(2-Pyridylsnlfonvi)-?-nhPnvib6n7nyimetpi»njno

Examola 5A

4-f2-Pvridvlsnlfonvn-g.nhpnY^ftnz0 ie aciri mtMfA^
A solution of 4.(2-pyridylthio)-2-phenylbenzoic acid methyl ester (Example 4F) is

carefully treated with two equivatents of mefa-chlorcperbenzoic acid in methylene
chlonde at low temperature and the reaction is then quenched with aqueous Na2S03when judged complete by TLC analysis. The layers are separated and the organic
Phase ,s extracted with aqueous NaHC03 to remove the m-chlorobenzoic acid. The
Product ,s ,so.ated by remove, of the solvent and is purified by chromatography on silica

Examplfl SB
4-(2-Pvridvlsiilfnnvh.p.nh

0?Y)hfnrrYfm^hjpnjn n

fo,.oJ^k
d6S

'T
C°mP0Und

^ PrePar6d by hydr°,ySis 0f the Product of E^mple 5A,

lltrr!T,0nine 6Ster^ SaP°ni,iCati0n
°f the Meth*according to the method of Examples 4C, D and G.
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Example 6

4-(3-PYridvlthiQm8thvlen)-2.nh6nViben7nVimftthinn |nT
>

The title compound is prepared from the resultant product of Example 3B using
the procedures from Example 5.

H II
^-^CONHMet

Example 7

4-f(2-Aminopvridvnmethvlene1-2.DhenylhBnzovlmethionin»

Example 7A

2-Phenvlterephthalic acid mono methvl ester

A solution of 4-bromo-2-phenylbenzoic acid methyl ester (1 .0 equivalent),

Pd(OAc)2 (0.05 equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65° C under
4 atm. of carbon monoxide until TLC analysis indicates that the reaction is complete.
The reaction mixture is poured into water and extracted with ethyl acetate which is dried
and evaporated. The product is purified by chromatography on silica gel.

Example 7B

4-(Hvdroxvmethvn>2-phenvlben7oiC arid mathyi
ftfffrr

The resultant acid from Example 7A (1 .0 equivalent) is treated with a slight excess
of N-methylmorpholine (1.1 equivalent) and isobutylchloroformate (1.0 equivalent) in THF
at 0° C. The mixture is then treated with NaBH4 (1 .0 equivalent) and aqueous NaHC03
and stirred at 0° C until the reaction is judged complete by TLC analysis. The mixture is

poured into dilute aqueous acid and extracted into ethyl acetate which is dried and
evaporated. The product is purified by chromatography on silica gel.

Example 7C

4-(Hvdroxvmethvn-2.phenvlhen7oirariri

The resultant compound from Example 16B is hydrolyzed according to the
procedure of Example 1 C to give the title acid.
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Example 7n

4-(HvdrpXVmethvn-2-nhenvlhBn7ftY|
methionine methyl ftfft?r

The resultant product from Example 7C is coupled to methionine methyl ester
according to the procedure of Example 1 D to give the title compound.

Example 7£
fKQlfflY|-2-phenvlhen70y| methionine m^hy1

«ltf r

A mixture of the resultant alcohol from Example 16D (1 .0 equivalent) N-
methylmorpholine-N.oxide (1 .5 equivalents), molecular sieves, and a catalytic amount ofTPAP ,s stirred in a CH2CI2/acetonitrile mixture until the reaction is judged complete by

ana,ys,s
-
1719 mixture « dieted with ethyl ether and filtered through Si02 The

product is purified by chromatography on silica gel.

Example 7F

4-ffgrmvl)-2-nhflnylhenZ0Vl methionine mathvl ester hamate nrnre^ .p
A m.xture of (2-phenyl-4.bromobenzoyl) methionine methyl ester (100 mmol)

4,4,6-tnmethyl-2-vinyl-1 ,3,2-dioxaborinane (100 mmol),

tetrakis(triphenylphosphine)palladium
(0) (3 mmol) in toluene and 2 M sodium carbonate

in water (100 mL) is heated at 80 °C until the starting methyl ester disappears The
resulting mixture is extracted with ether, and washed with water, brine, dried over
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue is then
punfied by column chromatography on silica gel.

To a solution of the resulting vinyl compound in dioxane/water (4/1 ) is added
osmium tetraoxide (0.03 equivalent). N-methylmorpholine N-oxide (3 equivalents) and
the reaction is stirred at 25 «C until TLC analysis shows the reaction to be complete The
reaction mixture is extracted with ether, which is washed with water and brine, dried over
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue is then
punfied by column chromatography on silica gel to afford the title product.

Example 7fi

>VI methionine mgthvl ester a.«omm. p ^rr
To a solution of the resultant compound from Example 7E in ethanol at 0 °C is

added sodium borohydride (0.5 equivalent), and the reaction is stirred at 0 °C until TLC
analysis shows the reaction to be complete. The reaction mixture is extracted with ether
which ,s washed with water and brine, dried over anhydrous magnesium sulfate filtered

*
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and concentrated in vacuo. The residue is then purified by column chromatography
silica gel to afford the title product.

4-f(2-AminQPVridvnmethvlene1>2-Dhenvlben?Qvim9thionine methyl

A mixture of the resultant aldehyde from Example 7E (1 .0 equivalent), 2-

aminopyridine (1 .0 equivalent) and NaCNBH3 (1 .5 equivalents) in methanol/acetic acid is

stirred until the reaction is judged complete by TLC analysis. The mixture is poured into

aqueous NaHC03 and extracted into ethyl acetate which is dried and evaporated.

Chromatography of the residue on silica gel affords the title compound.

Example 71

4-rf2-Aminopvridvnmethx/lBne1-2-phBnylhenzovlmethinninp

The resultant compound from Example 16H is hydrolyzed according to the
procedure of Example 4G to give the title product.

Example 8

4-r(3-aminomethvlpvridyl^methvlene]-P.DhenvlbenzQvlmethioninfl

Using the procedures of Examples 7F-G and replacing 2-aminopyridine with 3-

aminomethylpyridine affords the title product.

Example 9A

4-(2-Aminopyridvn-2-phenylben?Qylmethionine methyl ester

4-Amino-2-phenylbenzoyl methionine (1.0 equivalent) methyl ester and 2-

bromopyridine hydrobromide (1.0 equivalent) in pyridine are heated until the reaction is

Example 7H

Example 9

4-(2-AminoDvridvl)-2-phenvlbenzovlmethionin ft
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judged complete by TLC analysis. The solvent is evaporated and the residue is taken
in ethyl acetate which is washed with water and brine, dried, and evaporated.

Chromatography on silica gel affords the title product.

The resultant compound from Example 24A is hydrolyzed according to the
procedure of Example 4G to give the title product.

4»f3-AminomethvlDVridvl>-2-ohflnvlbenzovlmflthionine methx/l aster

A mixture of 3-pyridinecarboxaldehyde (1 .0 equivalent), 4-amino-2-phenylbenzoyl
methionine methyl ester (1 .0 equivalent) and NaCNBH3 (1 .0 equivalent) in

methanol/acetic acid is stirred until the reaction is judged complete by TLC analysis. The
mixture is poured into aqueous NaHC03 and extracted into ethyl acetate which is dried
and evaporated. Chromatography of the residue on silica gel affords the title compound.

Example 1QB

4-(3-AminomethvlPVridvn-P-nhenvlben2Qvlm6thinninft

The resultant compound from Example 10A is hydrolyzed according to the
procedure of Example 4G to give the title product.

Example 9B

4-(2-AminopyridYtV?-pr zoylmethjonine

^ CONHMet

Example 10

4-f3~AminomethvlPvririyl^.9.Phenvlben7oylmethiQninfl

Example 1QA
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N^ ^SoNHMet
Example 11

Example 11

A

4-(AzidomethvH-2-Phenvlbenzoyl methionine methyl ester

To triphenylphosphine (1.0 equivalent) in tetrahydrofuran (THF) at -78° C is added
diethyl azodicarboxylate (1.0 equivalent) in THF. To this mixture is added a solution of

hydrazoic acid in benzene (2.0 equivalents) and then the resultant compound from

Example 1 6D (1 .0 equivalent). After one hour the mixture was warmed to room
temperature, stirred until the reaction is judged complete by TLC analysis, evaporated

and chromatographed on silica gel to afford the title product.

Example 11B

4-(Aminomethvl)-2-Dhenvlbenzovl methionine methvl ester

To the resultant compound from Example 1 1A in methanol is added triethylamine

(3.0 equivalent) and propane 1 ,3-dithiol (3.0 equivalents). After the reaction is judged

complete by TLC analysis, the mixture is filtered and evaporated. Chromatography of

the residue on silica gel provides the title product.

Example 11C

4>f(4'aminomethvlDvridvnmethvfene1.2.phenvibenzovlmethionine

Using the procedures of Example 10 with the resultant amine from Example 1 1

B

and 3-pyridinecarboxaldehyde affords the title product.
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CONHMet

Example 12

4-(3-PvridvloxvmethvleneV2-Dhenvlben7f>V|methiQnine

Example 1PA

4'(p-TQluenesulfQnvlQXV^2-Dhenvtben2ovlmethionine methyl gsjgj;
The resultant compound from Example 7D (1.0 equivalent) and p-toluenesulfonyl

chloride (1 .0 equivalent) in pyridine are stirred until the reaction is judged complete by
TLC analysis. The solvent is evaporated and the residue is taken up in ethyl acetate
which is washed with water and brine, dried, and evaporated. Chromatography on silica

gel affords the title product.

Example 12B

4-f3-PvridvloxvmethvleneV2-phenvlben7oylmethionine methyl a^*r
3-Hydroxypyridine (1.0 equivalent) is treated with sodium hydride (1.0 equivalent)

in DMSO, then the resultant compound from Example 12A (1.0 equivalent) is added.
When judged complete by TLC analysis, the reaction is diluted with water and ethyl

acetate, the organic layer is dried and concentrated, and the crude title compound is

purified by chromatography on silica gel.

Example 12C

4-(3-Pvridvloxvmethvlenft^2-phenvlbenzovlmethionine

The resultant compound from Example 12B is hydrolyzed according to the
procedure of Example 4G to give the title product.
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rY 1

^XONHMet
Example ia

4-0'PvridvlmethQxvmethvlftnft^-2.phftnUihflnyQVimQthionine

Example 13A

^O-Pvridvlmemoxvmethvlene^^-nhenvlbenynyi^hionine methyl actor

Using the procedure of Example 12B but replacing 3-hydroxypyridine with 3-

hydroxymethylpyridine affords the title compound.

Example 13R

4-(3-PYridvlrn9th0XYm9thVlene)-2-Dhenvlben7OVlmethion lne mpthvl ester altprn^p

procedure

The resultant compound from Example 7D (1.0 equivalent) is treated with sodium
hydride (2.0 equivalents) in DMSO, then 3-chloromethylpyridine hydrochloride (1.0

equivalent) is added. When judged complete by TLC analysis, the reaction is diluted with

water and ethyl acetate, the organic layer is dried and concentrated, and the crude title

compound is purified by chromatography on silica gel.

Example 13C

4-(3-PvridvlmethPXVmethvlenel-2-Phenvlben7oylmethioninemethvl estpr

The resultant compound from Example 28A is hydrolyzed according to the
procedure of Example 4G to give the title product.
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CONHMet

Example 14

(4-r2-(lmida20l-2.vn6thvnvl1.2-phenvlben7nvH.methinninft

Example 14A

(4-EthvnvN2'Phenvlbenzovh-methionine mathyi galet
A mixture of (2-phenyl-4-bromobenzoyl)-methionine methyl ester (100 mmol),

dieihylamine (300 mmol), trimethylsilylacetylene (110 mmol), bis(triphenylphosphine)

palladium diacetate (5 mmol) and copper(l) iodide (3 mmol) in toluene is heated at 60 °C
until TLC analysis indicates the starting methyl ester has disappeared. The reaction
mixture is concentrated in vacuo, redissolved in ether, filtered through silica gel, and
concentrated. The residue is then dissolved in THF, and is treated with

tetrabutylammonium fluoride (120 mmol). After TLC analysis indicates that no starting

material is left, the reaction mixture is diluted with ether, washed with water and brine,

dried over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The
residue is then purified with column chromatography on silica gel to give the title product.

Example 14R

{4-f2-(lmida20l-2-Vl)ethvnvn-2-Phenvlben7nyl).methipnine methyl A^
r

The resultant product from Example 14A (5 mmol) is mixed with 4-bromoimidazole

(5 mmol), diethylamine (1 mL), bis(triphenylphosphine) palladium diacetate (0.1 mmol)
and copper(l) iodide (0.1 mmol) in toluene. The mixture is stirred at 25 °C until TLC
analysis indicates the reaction is complete. The reaction mixture is concentrated in

vacuo, and the residue is purified with column chromatography on silica gel to give the
title product.

Example 47C

f4-r2-(lmida7nl-2-vnethxmviy2-phenvlhen7ovl)-methinnino

The resultant compound from Example 14B is hydrolyzed according to the
procedure of Example 4G to give the title product.



WO 97/17070 PCT/US96/17092

69

CONHMet

Example 15

(4.f2-(lmidazol-4-vnethenvtV2-nhflnylhQn20vl\.methioninfl

The resultant acetylene (3 mmol) from Example 14 is mixed with Lindlar catalyst

5 (50 mg), 5 drops of quinoline in ethyl acetate. The reaction mixture is attached to a
hydrogenation apparatus, and then is detached from the apparatus after about 95% of

the theoretical hydrogen has been absorbed. The reaction mixture is filtered and
concentrated in vacuo. The crude product is purified with a column chromatography on
silica gel to give the title compound.

^XONHMet
Example 16

(4-f2^lmidazQU4-vhethvn>2-Dhenv[benzQyl)-methiQnine

15 The resultant olefin (1 mmol) from Example 1 5 is mixed with 5% palladium on

carbon (100 mg) in ethyl acetate. The reaction mixture is attached to a hydrogenation

apparatus, and then is detached from the apparatus after about 95% of the theoretical

hydrogen has been absorbed. The reaction mixture is filtered and concentrated in

vacuo. The crude product is purified with a column chromatography on silica gel to give

20 the title compound.
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CONHMet

Example 17

f4-r2-(lmidazoi-4-vicarbonvhethvnvii-p.nhpnY ibenzQviymPthinnino

Example 17A

{4-f2-(lmida7nl»4-VlrarhOnvneth\mvlV2-nhftnvlben?^l}mAt^
iQnine meth^ afttfr

A stainless autoclave containing the resultant product from Example 47A (5
mmol). 4-bromoimidazole (5 mmol), 1

l
1

,

-bis(diphenylphosphine)-ferrocenepalladium
dichloride (0.1 mmol), and triethylamine (10 mL) is flushed with nitrogen, and pressurized
to 20 atm with carbon monoxide. The reaction mixture is stirred at 120 °C until judged
complete by TLC analysis. After cooling, the triethylamine is evaporated in vacuo, and
the residue is purified by column chromatography on silica gel to give the title compound.

Example 17R

{4-f2-(lmitiazQl-4-vlcarbonvnethvnvn-2-phenyihpn70vn.methinr,inA

The resultant compound from Example 17A is hydrolyzed according to the
procedure of Example 4G to give the title product.

Example 1R

i4-f2-(lmidaZQl-4-vlcart>0nvl)ethenvl1-2-phenvlhAn7nY |).methionine
Using the procedure of Example 15 with the resultant compound from Example 17

affords the title product.
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Example 19

{4-f2'(lmidaZ0l-4'Vlcarbonvnftthvn.2-DhenvlhBn7OVI\methiQninA

Using the procedure of Example 16 with the resultant compound from Example 18
affords the title product.

Example 20

{4-f4-(1-MethYlimida70»-4-vn-3-ket0-1.hutvnvn.g.Phenvlben20vl1mpthi0n j
no

Example 2QA

{4-r4-(1>M9thYlimidaZPl-4-Vl)-3-ketO-1-butvnvn.2-phenvlhenzovl)methiQnine methyl estPr

To a solution of 1-methyl-4-imidazoleacetic acid (5 mmol) in methylene chloride at

0 °C is added oxalyl chloride (6 mmol) and DMF (0.05 mmol). After 30 minute, the

solvent is evaporated in vacuo. The residue is redissolved in dichloromethane. followed

by the addition of the resultant acetylene from Example 14A (5 mmol), triethylamine (10
mmol), and copper(l) iodide (1 mmol). The reaction is stirred at 25 °C until TLC analysis

indicates no starting material is left in the reaction mixture. The reaction is diluted with

ether, washed with water and brine, dried over anhydrous magnesium sulfate, filtered,

and concentrated in vacuo. The residue is then purified by column chromatography on
silica gel to give the title compound.

Example 20B

{4-f4«(VM9thYlimida7r>l-4-vl)-3-keto-1-hutvnvll.2.Phenvlben?Pvl1methinn|nfl

The resultant compound from Example 20A is hydrolyzed according to the
procedure of Example 4G to give the title product.
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Example 21

(4-f4'f1»(Vl9thvlimida7nH-vl>»3-keto-1-butenvlV9.phflnvlben7ovn.mflthinnin0

Using the procedure of Example 15 with the resultant compound from Example 20
affords the title product.

MeN

"CONHMet

Example 22

(4-f4-f1-MethvlimidazoM-vn-3-keto-1-butvn-2-DhBnvlbenzQvnmRthionin ft

Using the procedure of Example 16 with the resultant compound from Example 20
affords the title product.

Example 23

r4-(3-Pvridvlmethvlcarbonvlamino-2-phenviben2QViimflthinnin»

Example 23A

f4-(3-pvndvlmethvlcarbonvlamino-2-phenylhfln7ovl1methionine methvl est<*r

To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent)

in dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1 .5

equivalents) followed by 3-pyridylacetic acid (1 .0 equivalent) and 1-(3-

dimehtylaminopropyl)-3-ethylcaroodiimide hydrochloride (1.5 equivalents). When judged
complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with

1N HCI and saturated brine, and then is dried and evaporated. The crude reaction

mixture is purified by column chromatography to afford the title product.
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Example 23B

f4-f3-Pvridvlmethvlcarbonvlamino^2.phenylbenzovllmethioninB

The resultant compound from Example 23A is hydrolyzed according to the

procedure of Example 4G to give the title product.

MeS

Example 24

f4'f3-Pvridvlmethvlcarbonvlaminomethvn.2-phenvlbenzovnm6thioninB

Example 24A

4-(Azidomethvl)-2-phenvlbenzoyl methionine methyl ester

To triphenylphosphine (1 .0 equivalent) in tetrahydrofuran (THF) at -78° C is added
diethyl azodicarboxylate (1.0 equivalent) in THF. To this mixture is added a solution of

hydrazoic acid in benzene (2.0 equivalents) and then the resultant compound from

Example 16D (1 .0 equivalent). After one hour the mixture was warmed to room

temperature, stirred until the reaction is judged complete by TLC analysis, evaporated

and chromatographed on silica gel to afford the title product.

Example 24B

4-(AminomethvlV2-phenvlbenzovl methionine methvl ester

To the resultant compound from Example 24A in methanol is added triethylamine

(3.0 equivalent) and propane 1 ,3-dithiol (3.0 equivalents). After the reaction is judged

complete by TLC analysis, the mixture is filtered and evaporated. Chromatography of

the residue on silica gel provides the title product.

Example 24C

^ r4-(3-PVridvlmethvlcarbonvlaminomethvn-2-phenvlbenzovl1methioninp

To a solution of the resultant amine from Example 24B (1 .0 equivalent) in

dimethylformamide (DMF) is added 3-hydroxy-1 ,2,3-benzotriazin-4(3H)-one (1 .5

equivalents) followed by 3-pyridylacetic acid (1 .0 equivalent) and 1 -(3-
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dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1.5 equivalents). When judged

complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with

1N HCI and saturated brine, and then is dried and evaporated. The crude reaction

mixture is purified by column chromatography to afford the title product.

Example 24P
(5) Pvroalutamvl-(4-aminomethvl.2.nhenx/hhftn2ovl methionine

The resultant compound from Example 24C is hydrolyzed according to the

procedure of Example 4G to give the title product.

0
S

MeS

Example 25

f4-f2-DvridvlaminocarbonvlV2-PhenylhenzQvllmethionine

Example 2SA

4-Carboxv-2-phenvlbenzovl methionine methyl ester

A solution of 4-bromo-2-phenylbenzoyl methionine methyl ester (1.0 equivalent),

Pd(OAc)2 (0.05 equivalent) and DPPE (1.0 equivalent) is heated in DMF to 65° C under

4 atm. of carbon monoxide until TLC analysis indicates that the reaction is complete.

The reaction mixture is poured into water and extracted with ethyl acetate which is dried

and evaporated. The product is purified by chromatography on silica gel.

Example 25ft

f4-(2-Dvridvlaminocarbonvn-2>phenvlben7nvilmethionine methvl ester

To a solution of the resultant acid from Example 25A (1.0 equivalent) in DMF is

added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5 equivalents) followed by 2-

aminopyridine (1.0 equivalent) and 1-(3-dimehtylaminopropyl)-3-ethylcarbodiimide

hydrochloride (1 .5 equivalents). When judged complete by TLC analysis, the reaction is

taken up in ethyl acetate which is washed by 1N HCI and saturated brine, and then is

dried and evaporated. The crude reaction mixture is purified by column chromatography
to afford the title product.
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Example 25C

4-ffPvridin-2-vlaminokarbonvn.2-phenvlhenzovl methionine

The resultant compound from Example 25B is hydrolyzed according to the

procedure of Example 4G to give the title product.

Example 26

f4-(2-Pvridvlaminocarbonvlmethvh-2.Dhenvibanzovl methionine

Example 26A

4-Piazocarbonvl-2-Dhenvlben2oyl methionine methvl ester

The resultant acid from Example 25A (1 equivalent) in dichloromethane is treated

with oxalyl chloride (1 equivalent) and DMF (0.05 equivalent). When gas evolution has
ceased, the acid chloride solution is added to an ether solution of diazomethane. The
reaction is stirred until judged complete by TLC analysis, and then is concentrated to give
the crude title compound which is purified by chromatography on silica gel.

Example 2SB
4-carP0XVmethvl-2-Dhenvlbenzoyl methionine methvl ester

The resultant compound from Example 26A (1 equivalent) in dioxane is added to a
slurry of sodium thiosulfate (1.1 equivalents) and silver (I) oxide (0.5 equivalent) in water.
The reaction is stirred until judged complete by TLC analysis, filtered, acidified, and
extracted into ethyl acetate which is dried and evaporated. Chromatography of the

residue on silica gel affords the title product.

Example 26C
4-f(Pvridin-2-Vlamino)carbonvlmethvn-2-phenvlbenzovl methionine methyl ftsfr

r

To a solution of the resultant acid from Example 26B (1.0 equivalent) in

dimethylformamide (DMF) is added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.5

equivalents) followed by 2-aminopyridine (1.0 equivalent) and 1-(3-dimehtylaminopropyl)-
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3-ethylcarbodiimide hydrochloride (1 .5 equivalents). When judged complete by TLC
analysis, the reaction is taken up in ethyl acetate which is washed with 1 N HCI and
saturated brine, and then is dried and evaporated. The crude reaction mixture is purified

by column chromatography to afford the title product.

Example 26D
4-frPvridin-2'Vlamino)carbonvlmethvl1.2.phftnvlbenzoVl mathinnin*

The resultant compound from Example 26C is hydrolyzed according to the

procedure of Example 1B to give the title product.

MeS

Example 27

f4-(3-PVridvlthiOcarbonvlamino\-2-phenvlben2ovl methinninp

Example 27A

4-(3-pvridvlthiocarbonvlaminoW2-phenvlhenzoic acid methyl pstpr

To a solution of 4-amino-2-phenylbenzoic acid methyl ester hydrochloride (1 .0

equivalent) in toluene is added triphosgene (0.33 equivalent) and the mixture is heated at

reflux until judged complete by TLC analysis. The intermediate is reacted without further

purification with 3-mercaptopyridine (1.0 equivalent) and triethylamine (2.0 equivalents).

When judged complete by TLC analysis, the reaction is taken up in ethyl acetate and
washed with 1N HCI and brine, evaporated, and purified by chromatography on silica gel.

Example 27B

4-(a-PvridvlthiocarhonvlaminpW2.phenvlben?oiftaniri

To a solution of the resultant compound from Example 27A (1.0 equivalent) in a
3:1 mixture of tetrahydrofuran (THF) and water is added an excess (1 .5 equivalents) of

LiOH. When hydrolysis is judged complete by TLC analysis, the solvent is evaporated
and the remaining aqueous layer is acidified to pH = 3 and extracted into ethyl acetate
which is dried and evaporated prior to purification by chromatography on silica gel.
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Example 27C

f4-(3-PVridvlthiocaroonvlamino)»2-phenvlbenzovl methionine methvl ester

To a solution of the resultant compound from Example 27B (1 .0 equivalent) in

dimethylformamide (DMF) is added 3-hydroxy-1 ,2,3-benzotriazin-4(3H)-one (1 .5

equivalents) followed by methionine methyl ester (1.0 equivalent) and 1-(3-

dimehtylaminopropyl)-3-ethylcarbodiimide hydrochloride (1 .5 equivalents). When judged

complete by TLC analysis, the reaction is taken up in ethyl acetate which is washed with

1 N HCI and saturated brine, and then is dried and evaporated. The crude reaction

mixture is purified by column chromatography to afford the title product.

Example 27D

4-(fS)-2-Pvrrolidone-5-aminomethvlcarbonvhamino-g-nhenvlben2ovl methionine methyl

ester, alternate oreparatinp

To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent)

in methylene chloride is added a solution of phosgene in toluene (1 .0 equivalent) and

triethylamine (2.0 equivalents). The intermediate is reacted without further purification

with (S)-5-aminomethyl-2-pyrrolidone (1.0 equivalent) and triethylamine (1.0 equivalent).

When judged complete by TLC analysis, the reaction is taken up in ethyl acetate and

washed with 1N HCI and brine, evaporated, and purified by chromatography on silica gel.

Example 27E
f4-(3-pvridvlthiocarbonvlamino1-2.phenylbenzoyl methionine

To a solution of the resultant compound from Example 27C in a 3:1 mixture of

THF and water is added an excess of LiOH (1.5 equivalents). When hydrolysis is judged

complete by TLC analysis, the solvent is evaporated and the remaining aqueous layer is

acidified to pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to

purification by chromatography on silica gel.
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° s
MeS

Example 28

f4'f3-PVriclvlthiosulfinvlamino^g.Dhflny»hflnzovim6thioninp

The title compound is prepared as described in Example 27 with the exception
that triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0 equivalent).

Or
N

O

MeS'

Example 29

f4-3-pvhdvlmercaPtOSUlfinvhamino.2.phftnvlben?oVl1mftthi9nino

Example 29A
(4»3-pvridylmereantOS( i|finvnamino-2-nhenvlben™yllmethionine mfithY|

a^>
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1 .0 equivalent)

in methylene chloride is added thionyl chloride (1 .0 equivalent) and triethylamine (2.0
equivalents). After the amine has fully reacted,3-mercaptopyridine (1 .0 equivalent) is

added. When the reaction is judged complete by TLC analysis, the product is isolated as
described in Example 1A and purified by chromatography on silica gel.

Example 29B
4-((g)'2-PvrrOiidon^f>-aminomethvlSUlfinvhaminn.2.phflnV|ben2Qvl m ftthinnpa
To a solution of the resultant compound from Example 29A in a 3:1 mixture of

THF and water is added an excess of LiOH (1 .5 equivalents). When hydrolysis is judged
complete by TLC analysis, the solvent is evaporated and the remaining aqueous layer is

acidified to pH = 3 and extracted into ethyl acetate which is dried and evaporated prior to
purification by chromatography on silica gel.
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Example 30

I4-(3-DVriClvlmBrcaDtOSUlfonvlaminoW9.nhpny|benzovl1mflthir>ninA

Example 3f)A

f4'O'PVridvlmercaPt0?>Ulfonvlamino^2-phenvlben7r.Ynmethipnine methyl ^frr
To a solution of 4-amino-2-phenylbenzoyl methionine methyl ester (1.0 equivalent)

in methylene chloride is added sulfuryl chloride (1.0 equivalent) and triethylamine (2.0

equivalents). After the amine has fully reacted, 3-mercaptopyridine (1 .0 equivalent) is

added. When the reaction is judged complete by TLC analysis, the product is isolated as
described in Example 27A and purified by chromatography on silica gel.

Example 3QB
f4-(3-PYridvlmercaPtOSUlfQnvlaminoV2-phenvlben7ovllmathionine methyl ester, alternate

procedure

A solution of 1 equivalent of 4-amino-2-phenylbenzoyl methionine methyl ester

(1.0 equivalent) and sulfuryl chloride (1.0 equivalent) in acetonitrile with a catalytic

amount of antimony(V) chloride is heated to reflux until judged complete by TLC analysis.

The solution is then cooled, filtered, and all volatiles are removed under reduced

pressure. The residue is taken up in dichloromethane and treated with triethylamine (1

equivalent and (S)-5-aminomethyl-2-pyrrolidone (1 .0 equivalent). When the reaction is

judged complete by TLC analysis, the product is isolated as described in Example 27A
and purified by chromatography on silica gel.

Example aon

4-(fS)-2-Pvrrolidone-5-aminomethvlsulfonvnaminn.P.phenvlben20vl methionine mPthvl

ester

The resultant compound from Example 30A is hydrolyzed according to the

procedure of Example 27B to give the title product.
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MeS

Example 31

4-fPvri<jin-3-vlm9rcaPtocarbonvl^aminomethy|.2-Dhenvlbenzovl methionirm

The title compound is prepared as described in Example 24 with the exception

that 3-pyridylacetic acid (1 .0 equivalent) is replaced by 3-mercaptopyridine (1 .0

equivalent).

Example 32

4-(Pvridin-3-vlmercaDtocarbonvnaminomethy|-2-phenylbenzovl methionine*

The title compound is prepared as described in Example 24 with the exception

that 3-pyridylacetic acid (1 .0 equivalent) is replaced by 3-mercaptopyridine (1 .0

equivalent), and triphosgene (0.33 equivalent) is replaced by thiophosgene (1.0

equivalent).

Example 33

4-(3-PVridvlmercaDtosulfinvhaminomathvh.p.nhflnvlben?ovnmathinnipft

The title compound is prepared as described in Example 29 using the resultant

amine from Example 24B.



WO 97/17070 PCT/US96/17092

81

Example 34

4'(Pvridin-3'VlmercaDtQsulfonvl^minomethvl-2.Dhenvlben20vl methionine

The title compound is prepared as described in Example 30 using the resultant

amine from Example 24B.

Example 35

f4-(3-pvridvlmethvlsulfonvlaminol-2-Dhenylbenzovl)methionine

Example 35A

f4-f3-DVridvlmethvlsulfonvlamino^-2-Dhenvlbenzovl)methionine methvl ester

A mixture of 3-chlorosulfonylmethylpyridine hydrochloride (1 .0 equivalent) and (4-

amino-2-phenylbenzoyl)methionine methyl ester (1.0 equivalent) in dichloromethane is

treated with triethylamine (2.2 equivalents). When judged complete by TLC analysis, the

reaction is diluted with ethyl acetate, and then is washed with pH 4 water, saturated

NaHC03, and brine. The mixture is dried and concentrated to give the crude title

compound which is purified by chromatography on silica gel.

Example 35B

r4-f(3-sulfonvlmethvlpvridvhaminol.2.phenvlbenzovl1methionine

The resultant compound from Example 35A is hydrolyzed according to the

procedure of Example 27B to give the title product.
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Example 36

f4-0-PvridvloxvmethvlRn8\-2.DhftnnYYhen2ovllm6thiQnin fl

5 Example 3fiA

dimethv phenoxvterepht^^i^o

To a solution of phenol (10.8 g) in anisole (40 mL) and DMF (90 mL) was added
potassium tert-butoxide (12.1 g).' The mixture was heated for 40 minutes while

continuously passing a nitrogen stream through the reaction flask (- 20 mL of solvent

10 distilled over). The mixture was cooled to ambient temperature and dimethyl

nitroterephthalate (23.9 g) was added. The resulting black mixture was stirred for 1 hour
at ambient temperature and two hours at 100 -105 °C. The reaction mixture was poured
into ice containing 2 mL of concentrated HCI. The mixture was extracted with ether. The
ether layer was washed with water (3x) and saturated aqueous NaHC03 (2x). The

1
5 organic phase was dried over MgS04 , filtered, and concentrated in vacuo to give 24. 1 g

of an oil. Chromatography on silica gel (10% ethyl acetate-hexanes) gave dimethy
phenoxyterephthalate (15.9 g).

Example 3RR
20 4-caroomethoxv-3-DhflnnyybenzQic acid

To a mixture of dimethyl phenoxyterephthalate (10.4 g) in water (50 mL) was
added 50% aqueous NaOH (2.32 g) and water (4 mL) and the reaction mixture was
stirred overnight at ambient temperature. The reaction mixture was concentrated in

vacuo and the residue was partitioned between water and ether. The aqueous phase
25 was acidified (a solid formed) and extracted with dichloromethane. The organic phase

was dried over Na2S04 . filtered, and concentrated in vacuoXo give 4-carbomethoxy-3-
phenoxybenzoic acid (6.6 g) as a 68:32 mixture of hydrolysis isomers.

30
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Example 36C

4-hvdroxvmethvl-2-Dhenoxyben7nir acid methyl ester

To a 0 °C solution in THF (9 mL) of 4-carbomethoxy-3-phenoxybenzoic acid (5.88

g), prepared as in Example 157B, was added borane-THF (1.0 M, 30 mL). The reaction

mixture was stirred for 1 hour at 0 °C and 1.5 hours at ambient temperature. The
reaction mixture was cooled in an ice bath and water (20 mL) was added slowly, followed
by slow addition of 1:1 cone. HCI-water. The mixture was stirred for 1 0 minutes at

ambient temperature and then toluene was added. The layers were separated and the

aqueous phase was extracted with toluene. The combined organic layers were washed
with saturated aqueous KHC03 , dried over Na2S04 , filtered, and concentrated in vacuo
to give 5.32 g of colorless oil. Chromatography on silica gel (30% ethyl acetate-hexanes)
gave 4-hydroxymethyl-2-phenoxybenzoic acid methyl ester (4.77 g).

Example 36D

4-promomethvl-2-Phenoxvben7oic acid methvl aster

To a solution in DMF (10 mL) of 4-hydroxymethyl-2-phenoxybenzoic acid methyl
ester (2.82 g), prepared as in Example 157C, was added LiBr (1.04 g) and PBr3 (3.65 g)
and the reaction mixture was stirred for 20 minutes at ambient temperature. The reaction

mixture was poured into water and extracted with toluene. The organic phase was
washed twice with water, dried over Na2S04 , filtered, and concentrated in vacuo to give

4-bromomethyl-2-phenoxybenzoic acid methyl ester (3.37 g).

Example 36E

4-(3-Pvridvloxvmethvn-2-phenQxvbfln7nic acid methvl aster

To a solution in toluene (25 mL) of 4-bromomethyl-2-phenoxybenzoic acid methyl
ester (3.37 g), prepared as in Example 157E, was added 18-crown-6 (0.52 g) and the

potassium 3-pyridyloxide (2.20 g). The reaction mixture was heated at 70 °C for 1 hour
during which time a black, insoluble tar formed. The reaction mixture was cooled to

ambient temperature and diluted with toluene. The toluene was decanted from the tar

and the tar was dissolved in 1:1 THF-water (20 mL). The aqueous THF was added to

the toluene and the mixture was washed twice with brine, dried over Na2SC>4, filtered,

and concentrated in vacuo to give a black oil. Chromatography on silica gel (1:1 ethyl

acetate-hexanes) gave 4-(3-pyridyloxymethyl)-2-phenoxybenzoic acid methyl ester (2 47
g).
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Example 36F

4W3-DVridvloxvmethvlenel-9-phnnoxvbenzoic acid

To a solution in methanol (15 mL) of 4-(3-pyridyloxymethylene)-2-phenoxybenzoic

acid methyl ester (2.46 g), prepared as in Example 157E, was added a solution of 5%
aqeuous KOH (2.00 g) in water (3 mL). The reaction mixture was heated at reflux for 1 .5

hours. The reaction mixture was concentrated in vacuo and the residue was dissolved in

water. The aqueous phase was acidified with acetic acid with cooling and stirring. The
resulting solid was filtered, washed with water, and dissolved in THF. The THF solution

was dried over Na2SC>4, filtered, and concentrated in vacuo to give 4-(3-

pyridyloxymethyl)-2-phenoxybenzoic acid (2.17 g).

Example 36G

f4-(3-Dvridvloxvmethvh-2-Dhenoxvbenzoyl1methionine methvl aster

To a solution in DMF (3 mL) of 4-(3-pyridyloxymethylene)-2-phenoxybenzoic acid

(321 mg), prepared as in Example 157F, was added 3-hydroxy-1,2,3-benzotriazin-4(3H)-

one (345 mg, 1 .5 mmol) followed by methionine methyl ester hydrochloride (300 mg, 1 .5

mmol), ethyl dimethylaminopropyl carbodiimide hydrochloride (288 mg, 1.5 mmol), and

triethylamine (280 mg). The reaction mixture was stirred for 15 hours at ambient

temperature. The reaction mixture was diluted with water and extracted with toluene.

The toluene solution was washed with, dried over Na2S04, filtered, and concentrated in

vacuo. Chromatography on silica gel (75% ethyl acetate-hexanes) gave (4-(3-

pyridyloxymethyl)-2-phenoxybenzoyl]methionine methyl ester (425 mg, 98%).

Example 36H

f4-(3-Dvridvloxvmethvh-2-phenoxvbenzovnmethionine

To a solution in 5:1 methanol-H20 (3.5 mL) of [4-(3-pyridyloxymethyl)-2-

phenoxybenzoyl]methionine methyl ester (440 mg), prepared as in Example 157G, was
added a solution of 50% NaOH (354 mg) in water (0.8 mL) and the reaction mixture was
heated at 60 °C for 15 minutes. The reaction mixture was concentrated in vacuo and the

residue was taken up in H20 (3 mL). The aqueous solution was acidified with

concentrated HCI (415 mg) and 2 drops of ethyl acetate were added. The resulting solid

was filtered and dried in a vacuum oven at 60 °C for 3 hours to give [4-(3-

pyridyloxymethyl)-2-phenoxybenzoyl]methionine (373 mg). mp 195 °C; NMR (300
MHz, DMSO-d6) 5 1.90 (m,. 4H), 2.37 (m, 2H), 4.44 (m, 1H), 5.20 (s, 2H), 7.01 (s, 2H),

7.04 (s, 1H), 7.16 (t, 1H, J=7.4 Hz), 3.66 (m, 5H), 7.70 (d, 1H, J=9.0 Hz). 8.17 (dd, 1H,

J=4.4, 1.5 Hz). 8.30 (d, 1H, J=3 Hz). Anal calcd for C24H24N2O5S: C, 63.70; H, 5.35;

N, 6.59. Found: C, 63.46; H, 5.1 1 ; N. 6.08.
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SCH3
Example 37

f4-(3-Pvri^YiffminQmPthYlftnft)-2-Phenvlben7ovii-A/.fnethv/im ftthionine mQthVi»Rter

Example 37A

dimethyl 2-phenvlterephthalat^

A mixture of dimethyl 2-iodoterephthalate (22.8 g, 71 .4 mmol) and
tetrakis(triphenylphosphine) palladium(O) (4.14 g, 3.38 mmol) in toluene (120 mL) was
stirred for 10 minutes. Aqueous sodium carbonate (2 M, 160 mL) and a solution in

methanol (40 mL) of phenylboronic acid (10.4 g, 85.3 mmol) were then added and the
reaction mixture was stirred at reflux for 15 hours. The reaction mixture was cooled to
ambient temperature and extracted with ether. The organic phase was washed with
water (2x) and brine, dried, and concentrated in vacuo to give dimethyl 2-

phenylterephthalate as a dark brown oil (18.4 g) which was used without further

purification.

Example 37R

2-Phenvlmonomethytteranhthaht?
To a solution in 1:1 THF-methanol of the 2-phenylterephthalate prepared in

Example 37A (18.4 g) was added a solution of KOH (4.56 g, 71 .5 mmol) in water (30
mL). The reaction mixture was stirred overnight at ambient temperature and then was
diluted in water and the methanol was evaporated in vacuo. The residue was filtered

through a pad of Celite with a water rinse. The filtrate was extracted twice with ethyl
acetate and the aqueous phase was cooled in an ice-water bath and concentrated HCI
(10 mL) was added. The resulting suspension was stirred for 30 minutes and then was
filtered. The solid was recrystallized from 25% aqueous ethanol to give 2-

phenylmonomethylterephthalate (10.4 g). The mother liquor was concentrated and the
residue was purified by chromatography on silica gel (97:2:1, then 96:3:1 chloroform-
methanol-acetic acid) to give and additional 1 .74 g of the desired compound.
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Example 37C

4-hvdrQXVmethvl-P-nhenvlbenynir acid methvl Rster

To a 0 °C solution in THF (40 mL) of 2-phenylmonomethylterephthalate (10 5 g
41 mmol) was addea borane-THF (1.0 M, 82 mL, 82 mmol) such that the reaction
temperature remained below 6

8
C. The reaction mixture was stirred for 0.5 hours then

the cold bath was removed and stirring was continued for 2 hours. The reaction mixture
was again cooled to 0 °C and aqueous HCI (3 M. 100 mL) was added slowly. The cold
bath was removed and the reaction mixture was stirred for 1 hour. The THF was
evaporated and the residue was extracted with ethyl acetate (3x). The combined organic
extracts were washed with 1M aqueous NaOH (2x), water (2x) and brine, dried, filtered
and concentrated in vacuo to give 4-hydroxymethyl-2-phenylbenzoic acid methyl ester

'

(9.75 g).

Example 37n

4-hvdroxvmethvl.2-Dh»nyihon7fti,.^
The desired compound was prepared by saponification of 4-hydroxymethyl-2-

phenylbenzoic acid methyl ester, prepared as in Example 37C using the procedure of
Example 37B.

Example 37F

4-CarfeoxvaldehvdB-2-ohenylhAn7pfr^
To a mechanically-stirred solution of 4-hydroxymethyl-2-phenylbenzoic acid (2.28

g, 10 mmol), prepared as in Example 37D, in dichloromethane (50 mL) was added Mn02and the reaction mixture was stirred overnight at ambient temperature. The reaction
m.xture was filtered and partitioned between ethyl acetate and aqueous 3N HCI, and the
mixture was stirred vigorously for 0.5 hours. The mixture was filtered through Celite with
ethyl acetate rinsings. The combined organic layers were dried, filtered and
concentrated. Chromatography on silica gel gave 4-carboxaldehyde-2-phenylbenzoic
acid (1.65 g).

Example 37F

(4-carbQxa|dfihYd9-2-phenvlhftn7nvh.A/-m»thUimftrh i0nine mejbyJ ~t» r
To a solution in dichloromethane (5 mL) of 4-carboxyaldehyde-2-phenylbenzoic

acid (310 mg, 1.37 mmol), prepared as in Example 37E, was added oxalyl chloride (125
uL, 1 .44 mmol) and DMF (5 uL) and the reaction mixture was stirred until bubbling
ceased. The reaction mixture was stirred for a further 15 minutes and then was cooled to
about 5 *C and a solution in dichloromethane (5.5 mL) and toluene (2.5 mL) of N-
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methylmethionine methyl ester hydrochloride (310 mg, 1 .45 mmol) and 4-

methylmorpholine (475 uL, 4.32 mmol) was added. The reaction mixture was stirred cold
for 15 minutes and then the cold bath was removed and stirring was continued at

ambient temperature for 1.5 hours. The reaction mixture was diluted with ethyl acetate
and washed with aqueous 2N HCI (3x), saturated aqueous sodium bicarbonate (3x) and
brine, dried over sodium sulfate, filtered, and concentrated in vacuo to give a white solid,

chromatography on silica gel (35% ethyl acetate-hexane) gave (4-carboxaldehyde-2-

phenylbenzoyl) -A/-methylmethionine methyl ester (317 mg, 60%).

Example 37G

f4-(3-PYridYlaminQmethvn-2-Dhenvlbftnzovn./V.mPthyimethionine methyl

To a solution in methanol (3 mL) of (4-carboxyaldehyde-2-phenylbenzoyl)-/V-

methylmethionine methyl ester (310 mg, 0.80 mmol), prepared as in Example 37F, was
added 3-aminopyridine (118 mg, 1 .25 mmol) and acetic acid (0.90 mL). The reaction
mixture was stirred for 30-40 minutes at ambient temperature and sodium
cyanoborohydride (152 mg, 2.45 mmol) was added and stirring was continued for 2
hours. The reaction mixture was partitioned between ethyl acetate and aqueous 2N
NaOH. The aqueous phase was extracted with ethyl acetate. The combined organic
extracts were washed with 2N NaOH, twice with water, twice with brine, dried over
Na2S04, filtered, and concentrated in vacuo. Chromatography on silica gel (ethyl

acetate) gave [4-(3-Pyridylaminomethyl)-2-phenylbenzoyl]-AAmethylmethionine methyl
ester (270 mg, 73%) as a white foam, i H NMR (300 MHz, D3COD) 5 7.93 (d, 1 H), 7.74
(dd, 1H), 7.50 (d, 1H), 7.40 (m, 7H), 7.11 (ddd, 1H), 7.02 (ddd, 1H), 5.22 and 4.58 (both
m, total 1H), 4.45 (s, 2H), 3.70 and 3.65 (both br s, total 3H), 2.65 and 2.45 (both br s,

total 3H), 2.22 and 2.06 (both m, total 2H), 2.00 (br s, 3H), 1 .77 (m, 2H); MS (DCI-NH3)
m/e 464 (M+H)+. Anal calcd for C26H29N3O3S: C, 67.36; H, 6.31 ; N, 9.06. Found: C
67.11; H, 6.23; N, 8.84.
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N^C02H

° s
SCH3

Example flfl

To a 0 °C solution In THF (3.0 mL) of [4-(3-Pyridylaminomethylene)-2-

phenylbenzoyl-]A/-methylmethionine methyl ester (135 mg, 0.29 mmol), prepared as in
Example 37, was added a solution of lithium hydroxide hydrate (20 mg, 0.49 mmol) in
water (1 mL). Methanol (1 mL) and water (0.5 mL) were then added to obtain a clear
solution. The reaction mixture was stirred for 1 .5 hours and then the cold bath was
removed and stirring was continued for 2.5 hours. The reaction mixture was partitioned
between water which was taken to pH 4 with HCI and ethyl acetate. The aqueous phase
was extracted three times with chloroform. The combined organic layers were dried over
Na2S04 ,

filtered, and concentrated in vacuo. The residue was dissolved in acetonitrile-
methanol. The solution was diluted with water, frozen, and lyophilized to give [4-(3-

pyridylaminomethyl)-2-phenylbenzoyl]-/V-methylmethionine (120 mg) as a white powder
1 H NMR (300 MHz, D3COD) 8 7.93 (d, 1 H), 7.78 (dd, 1 H), 7.50 (d, 1 H), 7.38 (m, 7H),

'

7.20 (m, 1H), 7.12 (m, 1H), 5.20 and 4.55 (both m, total 1H), 4.45 (s, 2H), 2.70 and 2 45
(both br s, total 3H), 2.24 and 2.10 (both m, total 2H), 2.00 (br s, 3H), 1.80 and 1.68 (both
m, 2H); MS (DCI-NH3) m/e 450 (M+H)* Anal calcd for Cgs^NaOgS-aes HCI- C
63.45; H, 5.89; N, 8.88. Found: C, 63.51 ; H, 5.54; N, 8.53.
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SCH3

ExamplB aa

f4-f2'Pvridvlaminomethvh-2.Dhefwlhpnynvl1methioninfl

Example 39A
(4-hvdrQXVmethvl-2-Phenvlben2ovhmflthinnine methyl ester

To a solution in 1:3 DMF-dichloromethane (100 mL) of 4-hydroxymethyl-2-

phenylbenzoic acid (5.2 g, 23 mmol), prepared as in Example 37D, at 5-10 °C was
added 1-(3-dimehtyiaminopropyl)-3-ethylcaroodiimide hydrochloride (4.8 g, 25 mmol), 3-

hydroxy-1 ,2,3-benzotriazin-4(3H)-one (4.1 g, 25 mmol), methionine methyl ester

hydrochloride (5.0 g, 25 mmol) and 4-methylmorpholine (2.8 mL, 25 mmol). The reaction

was warmed slowly to ambient temperature and stirred overnight. The reaction mixture

was diluted with ethyl acetate and washed with aqueous 1 M H3PO4. The organic phase
was washed with brine, dried over Na2S04, filtered, and concentrated in vacuo.

Chromatography on silica gel (65% ethyl acetate-hexanes) gave [4-hydroxymethyl-2-

phenylbenzoyl]methionine methyl ester (5.15 g, 60%).

Example flag

(4-carpOXValdehvde-2-Dhenvlhen2Qvhmflthir>ninQ methvl aster

A solution of DMSO (1.95 g, 27 mmol) in dichloromethane (100 mL) was cooled to

-78 °C and oxalyl chloride (1.8 mL, 20 mmol) was added dropwise. After 15 minutes, a
solution in dichloromethane (35 mL) of [4-hydroxymethyl-2-phenylbenzoyl]methionine

methyl ester (5.1 g, 13.7 mmol), prepared as in Example 39A, was added dropwise and
the reaction mxiture was stirred for one hour at -78 °C. Triethylamine (7.6 mL, 55 mmol)
was then added and the reaction mixture was warmed to ambient temperature. The
reaction mixture was diluted with ethyl ether, washed twice with brine, dried over
Na2S04 ,

filtered, and concentrated in vacuo to give an orange gum. The gum was
dissolved in hot ethyl acetate (50 mL) and hexanes (10-20 mL) were added. The cloudy
suspension was cooled in the refrigerator and the supernatant was decanted from a
small amount of insoluble material. The supernatant was concentrated in vacuo and the
residue was left under high vacuum for three days to give (4-carboxyaldehyde-2-

phenylbenzoyhmethionine methyl ester (4.9 g) as a light-orange solid.
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Example 3Qft

K-(2-Pyri<jYtf<minQmethvl)-2-nhRnvlben?QvnmflthiQninft methyl Q^tftr
A suspension in toluene (17 mL) of [4-carboxyaldehyde-2-

phenylbenzoyljmethylmethionine methyl ester (800 mg, 2.15 mmol), prepared as in

Example 39B, 2-aminopyridine (253 mg, 2.69 mmol) and p-toluenesulfonic acid hydrate
(22 mg, 0.1

1 mmol) were heated under reflux overnight using a Dean-Stark trap
containing 10 mL of toluene. The reaction mixture was concentrated in vacuo. The
residue was taken up in isopropanol (20 mL) and p-toluenesulfonic acid hydrate was
added to get to pH 4. Sodium cyanoborohydride (625 mg, 10 mmol) was added along
with absolute ethanol (20 mL) to obtain a clear solution. The pH was then adjusted to pH
4 using .p-toluenesulfonic acid hydrate and the reaction mixture was stirred for 2 hours
while the pH was periodically readjusted to about 4. The reaction mixture was then
partitioned between ethyl acetate and aqueous 2N sodium hydroxide. The organic
phase was washed with aqueous 2N sodium hydroxide, twice with brine, dried over
Na2S04, filtered, and concentrated in vacuo. Chromatography on silica gel (55:45
chloroform-ethyl acetate) gave [4-(2-Pyridylaminomethyl)-2-phenylben2oyl]methionine

methyl ester (125 mg).

Example 3Qn

f4-(2-PYridVlaminomethvn-P-phenvnhRn7nvlmethionine

The [4-(2-Pyridylaminomethyl)-2-phenylbenzoyl]methionine methyl ester was then
hydrolyzed using lithium hydroxide hydrate according to the method of Example 38,
except using methanol instead of THF. NMR (300 MHz, DMSO-d6 ) d 8.54 (d, 1H),
7.97 (d, 1H), 7.86 (m, 1H), 7.50-7.30 (envelope, 7H), 7.04 (d, 1H), 6.83 (m, 1H), 4.70 (d,

2H), 4.30 (m, 1 H), 2.24 (m, 2H), 2.00 (s, 3H), 1 .85 (m, 2H); MS (DCI-NH3) m/e 436
(M+H)+ 434 (M-H)-. Anal calcd for C^sNsOaS-l .4 HCI: C, 59.24; H, 5.47; N 8 64
Found: C, 59.36; H, 5.24; N, 8.42.
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Example 40

f4-f4-Pvridvlaininomethvn-2.ohenvlben7nynmethiQninB

The desired compound was prepared according to the method of Examples 39C
and D, except substituting 4-aminopyridine for 2-aminopyridine. 1 H NMR (300 MHz,
DMSO-d6) d 8.47 (d, 1H), 8.05 (d, 2H), 7.94 (t, 1H), 7.37 (m, 8H). 6.63 (d. 2H), 4.50 (d.

2H), 4.27 (m, 1 H), 2.24 (m, 2H), 2.00 (s, 3H), 1 .85 (m, 2H); MS (DCI-NH3) m/e 436
(M+H)+, 434 (M-H)-. Anal calcd for C24H25N3O3S HCI: C, 61.07; H, 5.55; N, 8.90.

Found: C, 61 .38; H, 5.66; N, 9.01

.

SCH3

Example 41

K-(1H-imidarol-4-vlmethvhamino-2-DhenVlben7oyl 1methioninehvdrQchloridfi

Example 41

A

4.hvdroxvmethvl.1 H-1 •triphAnvlmethvlimidarnlfl

To a mixture in DMF (25 mL) of 4-hydroxymethylimidazole hydrochloride (10.0 g,

74 mmol) and triethylamine (25 mL, 180 mmol) was added a solution of triphenylmethyl

chloride (22 g, 79 mmol) in DMF (75 mL) and the thick reaction mixture was spun
overnight on the rotary evaporator. The solid was filtered off, washed with DMF and
water, and dried overnight over Drierite®to give 4-hydroxymethyl-1H-1-

triphenylmethylimidazole (23 g).
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Examola 41

R

1 H-1 -triDhenvlmftthvlimida7niA^.^rbQXaldflhyri
ft

A mechanically-stirred slurry in dioxane (400 mL) of 4-hydroxymethyMH-l-
triphenylmethylimidazole (9.6 g, 28 mmol), prepared as in Example 41 A. was heated to
77 *C to drssolve the solid. The reaction mixture was cooled to ambient temperature andMn02 (20.5 g, 236 mmol) was added all at once. The black slurry was warmed to 85 °C
and st.rred for 5.5 hours. The reaction mixture was filtered through Celite and the filtrate
was concentrated in vacuo to give a crystalline solid. Recrystallization from
dichloromethane-hexanes to give 1H.1.triphenylmethylimidaZole.4-carboxyaldehyde (5 1

9)-

Example 41

ester

IH-l-triphenylmethylimidazole-4-carboxyaldehyde was reductively aminated with
4-amino-2-phenylbenzoyl methionine methyl ester (compound 8) according to the
procedure of Example 37B.

Example 41 n
[4-(1 H-imidaroH-Ylmmhvl)amino-?-nhftnvlbfln7nyi|mftthionine mflthyl oc^ r

To a solution in dichloromethane (5 mL) of [4-(1H-trimethylphenyl imidazol-4-
ylmethyl)amino.2-phenylbenzoyl]methionine (365 mg, 0.54 mmol), prepared as in
Example 41 C, was added triethylsilane (0.41 mL, 2.57 mmol). The reaction mixture was
cooled to 0 »C and trifluoroacetic acid (5 mL) was added dropwise. The reaction mixture
was stirred for 1.5 hours at 0 °C and then was concentrated in vacuo and azeotroped
with toluene. The residue was partitioned between water and ethyl acetate The
aqueous phase was extracted with ethyl acetate. The initial ethyl acetate extract was
d.ltued with hexane and extracted with water. The second ethyl acetate extract was
concentrated in vacuo and the residue was combined with the two aqueous phases The
aqueous solution was frozen and lyophylized to give (4-(1 H-imidazol-4-ylmethyl)amino.2-
phenylbenzoyljmethionine methyl ester (260 mg)

.

Example 41

F

'M-YlmethyDamino-P-Phenvlh^^pynmethinnif
, ,

The desired compound was prepared by saponification of [4-(1H-imidazol-4-
ylmethyl)amino-2-phenylbenzoy!]methionine methyl ester, prepared as in Example 41

D
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according to the procedure of Example 165. 1H NMR (300 MHz, DMSO-d6) 6 9.01 (d,

1H), 8.02 (d, 1H), 7.55 (d, 1H), 7.31 (m, 5H), 7.27 (d, 1H), 6.66 (dd, 1H), 6.60 (d, 1H),

6.59 (br s, 1H). 4.42 (s, 2H), 4.23 (m, 1H), 2.24 (m, 2H), 2.00 (s, 3H), 1.85 (m. 2H); MS
(APCI) m/e 425 (M+H)+ 423 (M-H)\ Anal calcd for C22H24N4O3S2HCI 0.5H2O: C.

52.18; H, 5.37; N, 1 1.06. Found: C, 52.36; H, 5.18; N, 10.57.

SCH3

Example 49

f4-( 1 H-imida70l-4-vlcarbonvhamino.2.DhenvlhftnzOvnm6thiQnine hydrochloride

Example 42A

1 H-1-triDhenvlmethvlimida7olft-4.carboxvlic acid

To a slurry of 1H-1-triphenylmethylimidazole-4-carboxaldehyde (1 .0 g, 3.0 mmol),

prepared as in Example 41 B, tert-butyl alcohol (60 ml), 2-methyl-2-butene (15 mL, 140
mmol) was added KH2P04 (2.82 g, 21 mmol) and 80% sodium chlorite (3.1 g in 25 mL
H2O, 27 mmol). The reaction mixture was stirred for 1 .5 hours using a mechanical

stirrer. The pH was adjusted to 3-3.5 and the white solid was filtered off and rinsed with

water. The solid was dried under high vacuum over P2O5 for two days to give 1 H-1-

triphenylmethylimidazole-4-carboxylic acid (956 mg, 91%).

Example 42B
[4-( 1 H-1 -triPhenvlmethvlimidazol-4-vlcarbonvhamino-3-phftnvlbenzovl1methionine methyl

sstsr.

The desired compound was prepared by coupling of 1H-1-

triphenylmethylimidazole-4-carboxylic acid, prepared as in Example 42A, with 4-amino-2-

phenylbenzoyl methionine methyl ester (compound 8) according to the method of

Example 163D.
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Example A9C.

The desired compound was prepared according to the method of Examples 41

D

and E, except substituting [4-(1 H-1-triphenylmethyl imidazol-4-ylcarbonyl)amino-2-

phenylbenzoyljmethionine methyl ester, prepared as in Example 42B for [4-(i H-
trimethylphenyl imidazol-4-ylmethyl)amino-2-phenylbenzoyl]methionine. 1 H NMR (300
MHz. DMSO-d6) d 10.43 (s, 1H), 8.50 (s,1H), 8.47 (d, 1H), 8.17 (s, 1H), 7.86 (m 2H)
7.40 (m, 6H), 4.30 (m,1H), 2.24 (m, 2H), 2.00 (s, 3H), 1.85 (m, 2H); MS (DCI-NH3) m/e
439 (M+H)+. Anal calcd for C22H22N4O4SHCI H20: C, 53.60; H, 5.11; N 1 1 36
Found: C, 53.58; H, 5.00; N, 11.01.

Example 43

f4-(1HHmjdar0l*-4-VtaCetamidOl-2.ph^^

Example 43A

/V-(4-tolu9nesulfonvnimida2oie^.Yi.^ff?tr
To a solution of 4-imidazole acetic acid hydrochloride (1 g, 6. 1 5 mmol) in 6.2 mL

of
1 N NaOH and 18 mL of water was added 4-toluenesulfonyl chloride (1 .29 g, 6.77

mmol) and the mixture was stirred at ambient temperature. The pH of the mixture was
mamtained at 8.5 by addition of 1 N NaOH. After 3 hours, a total volume of 12 mL of 1 N
NaOH was added and a clear solution was obtained. This solution was extracted with
ether and the aqueous solution was acidified to pH 1 with 3 N HCI. The mixture was
cooled in an ice bath and /V-(4.Toluenesulfonyl)imidazole^-yl-acetic acid was isolated by
filtration (white crystals, 1.10 g, 63% yield), m.p. 105-106 °C (decomp)- 1H NMR
(CDCI3) 5 10.0 (br, 1H), 8.04 (s, 1H), 7.82 (d, J=8.2 Hz, 2H), 7.37 (d, J=8.2 Hz 2H)
7.28 (s, 1H), 3.65 (s, 2H), 2.45 (s, 3H). iac NMR (CD3OD) 8 173.6, 148.1 , 138.9 138 0
136.1, 131.6, 128.7, 117.0, 34.0, 21.6.
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Examnlfl 43g

^tQluenesulfonvhimirtazol^d.ul.a^ aeid Mmftthyl.nLmethvlearhny^m^
To a suspension of AA(4-toluenesulfonyl)imidazole-4-yl-acetic acid (91 1 mg, 3.25

mmol) and N-methyl-O-methylhydroxylamine hydrochloride (317 mg, 3.25 mmol) in 30
mL of methylene chloride was added triethylamine (0.5 mL, 3.62 mmol) and ethyl

dimethylaminopropyl carbodiimide hydrochloride (623 mg, 3.25 mmol). The mixture was
stirred at ambient temperature for 7 hours and then worked up. The crude product was
purified by flash column chromatography (5% methanol-ethyl acetate) to give A/-(4-

Toluenesulfonyl)imidazole-4-yl-acetic acid /V-methyl-O-methylcarboxamide (1 0 g yield
90%); 1 H NMR (CDCI3 ) 8 7.91 (s, 1H), 7.77 (d. 8.4 Hz. 2H), 7.31 (d, 8.4 Hz, 2H).7.30 (s
*.H), 3.70 (s, 2H), 3.64 (s, 3H), 3.16 (s, 3H), 2.38 (s, 3H); 13C NMR (CDCI3) 8 170.4,

145.8, 137.9, 135.5. 134.4, 130.0, 126.9, 114.9, 60.9. 31.7. 31.3. 21.2.

Example 43C

f4-f1-(4.t0luen9S»lf0PVl)imiriazOle-4.vnacfltamidQl.2.nhflnV lh6n2Qvl\mflthinninf m^y.

ester

To a suspension of /V-<4-toluenesulfonyl)imidazole-4-yl-acetic acid AZ-methyl-O-

methylcarboxamide (100 mg, 0.357 mmol), prepared as in Example 43B was added
diisopropylethylamine (125 uL) and tetramethylfluoroformamidinium

hexafluorophosphate (94 mg, 0.357 mmol, prepared as described in J. Am. Chem. Soc.
1995, 117, 5401-5402). The mixture was stirred for 5 minutes and then 4-amino-2-

phenylbenzoylmethionine methyl ester hydrochloride (compound 8, 140 mg, 0.355 mmol)
and diisopropylethylamine (65 uL) was added. After 5 hours, the reaction was worked
up. The crude product was recrystallized from methylene chloride and hexane to give {4-

[1 -(4-toluenesulfonyl)imida2ole-4-ylacetamido]-2-phenylbenzoyl}methionine methyl ester
(92 mg, yield 41%); m.p. 202-203 °C; 1H NMR (CDCI3) 8 9.27 (s. 1H, amide), 8.04 (s.

1H. imidazole), 7.85 (d, J=8.2 Hz. 2H. tofyl), 7.70 (d, J=8.5 Hz, 1H), 7.61 (d, J=8.5 Hz.
1H). 7.49 (s. 1H). 7.45 (m. 5H). 7.36 (d. J=8.2 Hz, 2H, tosyl). 7.19 (s, 1H, imidazole).
5.83 (d, J= 7.6 Hz, 1H, amide), 4.62 (ddd, J= 7.1 Hz, 1 H, Met a H), 3.65 (s, 3H. OCH3 ).

3.62 (s, 2H, acetyl), 2.44 (s, 3H, tosyl), 2.07 (t, J=7.5 Hz, 2H. CH2S), 2.00 (s, 3H, SCH3 )

1.84-1.93 (m. 1H, Met CH2), 1.64-1.76 (s, 1H, Met CH2 );
13C NMR (CDCI3) 8 172.4,

169.2, 168.2, 146.6, 140.4, 140.2, 138.7, 134.3, 131.1, 130.7, 129.0. 128.4, 128.2,

127.4, 127.3. 120.3, 117.3. 115.5. 52.1.51.3. 36.1.30.0. 29.6. 21.2. 14.5.
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Example 43D

{4-[1-(4-toluenesulfonyl)imida20le-4.ylacetamido].2.phenylben2oyl}methionine
methyl ester (33 mg. 0.053 mmol), prepared as in Example 43C was dissolved in a
mocture of THF (4 mL) and 0.5 N NaOH (0.6 mL). The mixture was stirred at 0 °C for 2
hours and then evaporated. The residue was acidified with 1 N HCI and the aqueous
solution was lyophilized to give a solid mixture. This mixture was purified by preparative
HPLC (C18, acetonitrile-water) to give 4-(1H-imidazole-4-yl)acetamido-2-

phenylbenzoyljmethionine as a trifluoroacetate salt (17.6 mg, 55% yield)- 1H NMR
(CD3OD) 88.85 (s, 1H. imidazole), 7.67 (s, 1H, imidazole), 7.64 (d, J=8*1 Hz 1H
aminophenyl). 7.52 (d. J=8.1 Hz, 1H, aminophenyl), 7.46 (s. 1H. aminophenyi). 7 33-
7.40 (m. 5H, phenyl), 4.48 (dd. J-4.0, 5.5 Hz, 1H, Met a H). 3.96 (s. 2H. acetyl) 2 15-
2.22 (m, 1H). 2.01-2.11 (m, 1H), 2.00 (s, 3H), 1.85-1.99 (m, 1H), 1.76-1.81 (m 1H)

Example 44

ine hvdmrhlflririft

Example 44A

«-fH4-totiien^lf^ m
ester

/V-(4-toluenesulfonyl)imidazole^-yl-aceticacid/V.methyl-0-methylcarboxamide

(1 .86 g, 5.77 mmol), prepared as in Example 174B, was dissolved in 15 mL of THF and
15 mL of ether. This solution was cooled to -78 oc and L1AIH4 (215 mg. 5.81 mmol) was
added. The mtxture was stirred for 20 minutes and then worked up with 1 N HCI The
mocture was extracted with ether. The ether solution was washed with concentrated
sod.um bicarbonate and dried. After evaporating solvents, a crude solid was obtained
(1 -61 g). 1H NMR showed it contained 28% aldehyde, 20% unreacted carboxamide and
50% of destosylated side product. This mixture was dissolved in 20 mL of methanol and
1
mL of acet.c acd. 4-Amino-2-phenylbenzoyl methionine methyl ester hydrochloride

(compound 8. 640 mg, 1 .62 mmol) was added to the above solution and the reaction was
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stirred at ambient temperature. After 15 minutes, sodium cyanoborohydride (152 mg,
2.42 mmol) was added. The mixture was stirred for 15 hours and then evaporated. The
residue was extracted with concentrated sodium bicarbonate and methylene chloride.
The methylene chloride solution was dried and evaporated. The residue was purified by
flash column chromatography (ethyl acetate-hexane 4: 1 ) to give (4-[1 -(4-

toluenesulfonyl)imidazole-4-ylethylamino]-2-phenylbenzoyl}methionine methyl ester as a
fluffy solid (500 mg, 51%); [a]25D = +0.60 (c = 1.10. CDCfe); iH NMR (CDCI3) 5 7.95 (s,

1H, imidazole), 7.79 (d, J=8.0 Hz. 2H, tosyl), 7.68 (d. J=8.5 Hz, 1H. aminophenyl). 7.37-
7.45 (m. 5H), 7.33 (d. J=8.0 Hz. 2H. tosyl), 7.05 (s. 1H. imidazole). 6.57 (d. J=8.5 Hz.
1H, aminophenyl), 6.41 (s, 1H, aminophenyl), 5.66 (d, J=7.6 Hz, 1H. amide), 4.61 (ddd
J* 5.2, 7.2 and 7.6 Hz. IH, Met a H), 4.46 (t, J=5.6 Hz. 1H, amine), 3.67 (s. 3H. OCH3 ).

3.43 (q. J= 6.3 Hz. 2H, ethylene). 2.82 (t. J=6.4 Hz, 2H, ethylene). 2.43 (s, 3H), 2.08 (t.

J=7.7 Hz, 2H, CH2S), 2.00 (s, 3H, SCH3), 1.82-1.90 (m, 1H), 1.58-1.70 (m, 1H)- 13C
NMR (CDCI3)6171.8, 168.3. 149.4, 146.1, 142.3, 141.5. 141.0. 136.1, 134.5, 131.0,

130.2. 128.5. 128.3, 127.5, 127.1, 122.3. 113.7, 113.6. 111.0. 52.0. 51.5. 42.2. 31 5
29.3. 27.2,21.5. 15.0.

Example 44B
K-( 1 H-imida70le-4-Vlethvlamino-)2-nhenvlben7nVl|methioninft hyrirnrhlnririf
{4-[l-(4-toluenesulfonyl)imidazole-4-ylethylamino]-2-phenylbenzoyl)methionine

methyl ester (303 mg, 0.50 mmol), prepared as in Example 44A, was dissolved in a
mixture of THF (4 mL) and 0.5 N NaOH (4.0 mL). The mixture was stirred at 0 <>C for 2
hours and then evaporated. After acidification with 1 N HCI, the aqueous solution was
lyophilized. The crude solid was purified by reverse phase preparative HPLC to give a
trifluoroacetate salt (140 mg, 51%). This trifluoroacetate salt was dissolved in 1 N HCI
and the aqueous solution was lyophilized to give [4-(1H-imidazole-4-ylethylamino-)2-

phenylbenzoyljmethionine hydrochloride; (a)250 = -25.5 (c- 1.1, H20); 1 H NMR
(CD3OD) 5 8.79 (s, 1 H, imidazole), 7.48 (d, J= 8.4 Hz, 1H), 7.32-7.39 (m, 6H), 6.84 (d,

J=8.4 Hz, 1H), 6.77 (s, 1H), 4.45 (dd, J=4.1 and 5.1 Hz, 1H, Met a H). 3.58 (t, J= 7.0
Hz, 2H). 3.08 (t. J= 7.0 Hz. 2H). 2.16-2.24 (m, 1H). 2.05-2.14 (m, 1H), 2.00 (s. 3H) 1 92-
1.98 (m. 1H). 1.72-1.85 (m, 1H); 13C NMR (CD3OD) 5 174.8. 172.4, 145.1, 143.5. 141.3,

134.9, 131.8. 131.3, 130.9, 129.7. 129.6. 129.0. 119.7, 118.1. 116.6. 53.0, 46.5. 31 6
31.0.24.2. 15.0.
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Example Afi

f4-(ih-imi^rol^-Ytethvlaminol-?-f?hePvlhen7oviimBthiQninft m»thV<^^nr*^
{4-[1-(4-toluenesulfonyl)imida20l6^.ylethylamino.12-phenylben2oyl}methionine

methyl ester (90.2 mg. 0.1488 mmol), prepared as in Example 44A. was dissolved in 5mL of THF. To this solution was added 3-hydroxy-1 ,2.3-benzotriazin-4(3H)-one (80 4
mg, 0.5956 mmol) and the mixture was stirred at ambient temperature. After 2 hours
TLC showed the disappearance of starting material. The solution was evaporated and
the residue was extracted with ethyl acetate and 1 N HCl. The aqueous solution was
neutralized with 1 N NaOH to pH 8.5 and then extracted with ethyl acetate. After
evaporating solvents, the residue was dissolved in 1 N HCl and the solution was
lyophilized to give [4-(1H-imidazole^-ylethylamino).2-phenylbenzoyl]methionine methyl
ester hydrochloride (62.6 mg, yield 80%); [apD = -34.0 (c = 1.50, H20)'
iH NMR (CD3OD) 58.82 (s, 1H, imidazole), 7.53 (d, 1H, J=8.4 Hz. aminophenyl), 7.35-
7.46 (m, 6H, imidazole and phenyl), 7.07 (d, 1 H, J= 8.4 Hz, aminophenyl), 7 01 (s 1

H

ammophenyl). 4.50 (dd, J. 4.0 Hz. 1 H, Met a H), 3.70 (s, 3H, OCH3 ), 3.65 (t, J= 7 1 Hz
2H. ethylene), 3.15 (t. J=7.1 Hz. 2H, ethylene), 2.14-2.23 (m, 1H), 2.04-2.12 (m 1H)
1.99 (s. 3H. SCH3 ). 1.89-1.96 (m, 1H), 1.73-1.82 (m, 1H); MC NMR (CD3OD) 8173 6
172.2, 143.7, 143.3, 140.9. 135.2. 132.8. 131.4, 131.3. 129.8. 129.7, 129.1 121 2
118.2, 118.1, 53.0, 52.8, 47.6, 31.3. 30.8. 23.8. 15.0.



WO 97/17070 PCT/US96/17092

99

• TFA °
=

^

Example 4fi

f4-(1-MethVlimidagQlM-Vlacetamido-\P-Dhanvlhfin7nYnmBthioninRtrifluQrQarP^^

Example 46A

f4.fi -M9thY|inrii(1arolM'Vlacetamido^-?-nhenvtben7oVnm^hi0nine mflt^yi f5tf r

4-Amino-2-phenylben2oyl methionine methyl ester hydrochloride (compound 8.

1 1 1.8 mg, 0.2833 mmol) and A/-methylimidazole-4-yl-acetic acid hydrochloride (50 mg,
0.2832 mmol) were suspended in 1 0 mL of methylene chloride. To this solution was
added diisopropylethylamine (197 uL, 4.0 eq) and O-benzotriazol-l-yl-A/.A/.A/'./V'-

tetramethyluroniumhexafluorophosphate (107.4 mg, 0.2833 mmol). After stirring at

ambient temperature for 2 days, the reaction was worked up by washing with dilute HCI
(PH = 3.0) and concentrated sodium bicarbonate. After evaporating solvents, the
residue was purified by flash column chromatography (CH2CI2-Methanol, 10:1) to give

[4-(l-Methylimidazole^.ylacetamido).2-phenylben2oyl]methionine methyl ester (106 mg,
78%); m.p. 69-70 °C; 1 H NMR (CDCI3) 8 9.89 (s, 1 H, amide), 7.67 (d. J= 8.4 Hz. 1 H),

7.60 (d. J=8.4 Hz. 1H). 7.55 (s, 1H). 7.46 (s, 1H, imidazole). 7.34-7.42 (m. 5H). 6.81 (s.

1H. imidazole). 5.90 (d, J=7.7 Hz. 1H, amide). 4.63 (ddd, J=5.1, 7.3 and 7.7 Hz. 1H.
Met a H), 3.72 (s, 3H, OCH3 ), 3.64 (s, 5H, N-methyl and imidazole acetyl), 2.10 (t, J= 7.6
Hz, 2H). 1.98 (s, 3H), 1.83-1.94 (m, 1H), 1.66-1.75 (m, 1H); 13Q NMR (CDCI3) 5 171.7.

169.0, 168.9, 140.3, 140.1. 139.8. 137.3. 135.3. 129.6. 129.3. 128.5. 128.3. 127.5.

120.6. 118.5, 118.0, 52.1, 51.6. 36.3, 33.3, 30.8. 29.4, 15.0; LRMS (El) for C25H2804N4S
480 (M+, 20). 406 (100). 318 (50); HRMS (El) calcd 480.1813, obsd 480.1829.

Example 46B

f4-( 1 -MethY|imidar0lft-4-vlacetamid0-)2-ph6nvlben7oyl1methionin6 trifluornarfttatP

4-[l-Methylimidazole-4-yl]acetamido-2-phenylbenzoyl]methionine methyl ester (70
mg. 0.1458 mmol), prepared as in Example 46A, was dissolved in a mixture of THF (2.0

mL) and 0.5 N LiOH (0.5 mL). The mixture was stirred at 0 °C for 1 hour. After

evaporating solvents, the residue was acidified with 1 N HCI. The aqueous solution was
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lyophilized and the crude solid was purified by reverse phase preparative HPLC to give

[4-(l-Methylimidazole-4-ylacetamido-)2-phenylbenzoyl]methionine as a TFA salt (50 mc
60%). 'H NMR (CD3OD) 68.83 (s, 1H. imidazole). 7.66 (s, 1H, imidazole). 7.64 (d. J=
8.5 Hz. 1H). 7.52 (d. J=8.5 Hz. 1H). 7.48 (s. 1H). 7.32-7.43 (m. 5H), 4.48 (dd. J=<U ar
9.5 Hz, 1H. Met a H). 3.92 (s, 5H, N-methyl and imidazole acetyl), 2.13-2.22 (m, 1H),
2.00-2.10 (m. 1H), 2.00 (s, 3H), 1.94-2.00 (m, 1H), 1.72-1.84 (m. 1H); 13C NMR
(CD3OD) 5 174.9, 172.8. 168.2. 142.4. 141.4. 141.2, 136.7, 132.7, 130.0. 129.7, 129.5,
129.4, 128.8, 122.8, 122.2, 119.2, 53.0, 36.1, 33.0. 31.5, 31.0, 15.0.

Examnle 47

[4-fiH-i-Mgthylimida7nlP-4-viacetamidoi.2.^.mflthviph0nvnb6n7n»iim^hpp.no

triflupToacetate

Example 47A

4-nitro-2-(2-methvlnh*nvftbanzofc af!jH methvl ester

The coupling of 4-nitro-2-bromobenzoic acid methyl ester with 2-

methylphenylboronic acid in DMF at 100 °C in the presence of Pd(PPh3)4 (1 .5 % eq) and
Na3P04 (2.5 eq) gave 4-nitro-2-(2-methylphenyl)benzoic acid methyl ester as a colorless
oil (43% yield after column chromatography purification 6:1 = hexane / ethyl acetate) 1

H

NMR (CDCI3) 88.26 (d, J=8.6 Hz. 1H). 8.13 (s, 1H), 8.08 (d, J=8.6 Hz. 1H). 7.21-7.34
(m. 3H), 7.06 (d, J=7.5 hz, 1H), 3.65 (s. 3H). 2.09 (s, 3H); 13C NMR (CDCI3) 5 165.8,
148.5, 143.5. 138.5. 135.9. 134.6. 130.5, 129.3, 127.9, 127.7, 125.1, 121.5. 51.8. 19.3
(expect 12 aromatic C. observed 11); LRMS (El) 271; HRMS (El) calcd for C15H13N04
271.0844, obsd 271 .0852.
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Example 47R

4-nitrQ»2>r2-mflthvlDhenx/hhflnynir
flfiffl

4-Nitro-2-(2-methylphenyl)benzoic acid methyl ester, prepared as in Example
178A, was saponified using aqueous NaOH-CH3OH to give 4-nitro-2-(2-

methylphenyObenzoic acid; HRMS calcd for C14HHNO4 257.0688, obsd 257.0699.

Example A7C.

f4-Nitr0-2-f2'm9thVlnhenvl)ben?0Vi1methionine methvl ester hvrimrhlnri^

4-Nitro-2-(2-methylphenyl)benzoic acid (2.31 g, 9 mmol), prepared as in Example
47B, was coupled with i-methionine methyl ester (1 .0 eq) in the presence of ethyl

dimethylaminopropyl carbodiimide hydrochloride (EDCI, 1.0 eq) and 3-hydroxy- 1,2.3-

benzotriazin-4(3H)-one (HOST, 1 .0 eq) to give (4-nitro-2-(2-

methylphenyl)benzoyl]methionine methyl ester as a pale yellow oil (3.54 g, 98% yield);
1 H NMR showed diastereomers due to restricted carbon-carbon bond rotation; NMR
(CDCI3) 8 8.26-8.30 (d, J=8.5 Hz. 1H). 8.10 (s. 1H). 8.03-8.09 (m, 1H), 7.27-7.42 (m, 3.5
H), 7.18 (d. J=7.4 Hz. 0.5 H), 6.03 (br. 1H. amide). 4.59-4.67 (m. 1H). 3.67 (s, 3H). 2.23
(s, 1.5H, PhCH3 ), 2.06 (s. 1.5 H. PhCH3), 1.98-2.03 (m. 5H). 1.81-1.93 (m. 1H). 1.59-

1.69 (m,1H).

Example 47n

f4-aminQ-2-(2'methvlDhenvnben70Vl1methipninfl methvl ester hvdrnrhlnri^

[4-Nitro-2-(2-methylphenyl)benzoyl]methionine methyl ester was reduced to a
corresponding amine by stannous chloride in ethyl acetate at 78 °C. The free amine was
treated with methylene chloride and 3 N HCI in ether to give (4-amino-2-(2-

methylphenyl)benzoyl]methionine methyl ester hydrochloride (85% yield); (a]25D = -28.3
(c = 1 .0. methanol); 1 H NMR (CD3OD) 8 7.74 (d. J= 8.2 Hz. 1 H). 7.47 (d. J= 8.2 Hz. 1 H).
7.23-7.30 (m. 5H). 4.47 (m. 1H). 3.69 (s. 3H). 2.06-2.18 (m, 4 H). 1 .99 (s. 3H), 1.95-1 .97
(m. 2H). 1.74 (m, 1H); ™C NMR (CD3OD) 8 173.3. 170.8. 143.3. 139.7. 138.1. 137.2.

133.5. 131.4, 130.8, 130.6. 129.6. 128.8. 126.2. 123.1. 66.9, 52.9. 31.5, 30.8, 20.4, 15.1.

Example 47E

f4-(-H-1-MethVlimidaZ0le>4-vlacetamido)-2.f2-methvlDhanx/l^en2Ovl1methionine methyl

ester

The desired compound was prepared by coupling of 4-amino-2-(2-

methylphenyl)benzoylmethionine methyl ester hydrochloride, prepared as in Example
47D, with N-methylimidazole-4-yl-acetic acid according to the method of Example 178C
(yield 58%. purified by column chromatography (10:1 CH2CI2-CH3OH); m.p 69-70 °C;
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(a]25D = + 17.5 (c = 4.4, CHCI3); 1 H NMR (CDCI3) 59.91 (s, 1H). 7.90-7.99 (m 1H)
7.65 (m. 1H), 7.45 (s, 1H), 7.40 (d, J=6.2 Hz, 1H), 7.26-7.31 (m, 3H), 7.15-7.20 (m 1H)
6.79 (s. 1H). 5.86 (d. J=7.1 Hz. 1H amide), 4.56-4.64 (m, 1H), 3.67 (s, 4H). 3.64 (s 4H)'
2.17(s, 1.5 H, PhCH3 ), 1.93-2.05 (m. 6.5 H), 1.80-1.89 (m, 1H), 1.51-1.61 (m 1H)

*13
C

'

NMR (CDCI3) 5 171.7, 171.6, 168.7, 167.1, 166.7, 140.5, 140.4, 140.1. 139.8. 137 5
136.0. 135.5. 130.5, 130.3. 128.9, 128.7, 128.5. 128.1, 128.0. 126.0. 125 9 120 5
118.2. 118.1. 52.1, 51.5. 51.4. 36.4. 33.2. 31.3. 29.1. 19.7. 15.0 (diastereomers shown inNMR data are due to restricted carbon-carbon bond rotation); HRMS calcd for
C26H30O4N4S 494.1988, obsd 494.1986.

Example 47P
f4-flH-i-Moihviimirin7o|^

trifluoroacpfaffr

[4-(1H-1-Methylimidazole-4-ylacetamido)-2-(2-methylphenyl)benzoyl]methionine

methyl ester (72 mg, 0.1472 mmol) was saponified using 0.5 N LiOH (0.58 mL. 0 29
mmol) in 2.0 mL of THF as described in Example 177B. The acid was purified by
reverse phase preparative HPLC to give [4-(1-methylimidazole-4-ylacetamido)-2-(2-

methylphenyl)benzoyl]methionine trifiuoroacetate (70 mg, 87% yield); ^H NMR showed
a complex due to diastereomers caused by restricted bond rotation; 1H NMR (CD3OD) 8
8.81 (s. 1H). 7.68 (m. 2H), 7.46-7.49 (m. 2H), 7.25 (m, 4H). 4.43 (m. 1H). 3.91 (m. 5H)
2.08-2. 1 7 (m, 4H), 1 .94-1 .99 (m. 5H). 1 .69 (m, 1 H).

0 ^

Example 4fl

f4-(1-H-im^aro|fi-4-ylmPthvlamino)-?-nhenvlben7nvi)mo^jonin6 triflunrna^tn

Example 4ft^

4-HvdroxvmPthyl. 1 . fMoluenesiilfonylimidazole

4-Hydroxymethylimidazole hydrochloride (1.0 g, 7.4 mmol) and p-toluenesulfonyl
chloride were suspended in 1 mL. of distilled water and 3 mL. of THF. Sodium hydroxide
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(1N) was added and the pH of approximately 9 was maintained over a period of 3 hours.
The reaction mixture was extracted with diethyl ether (3X50 mL). The extracts were
combined, dried over magnesium sulfate and concentrated. The residue was purified by
flash chromatography

( 100% ethyl acetate) to give 4-hydroxymethyl- 1 -p-

toluenesulfonylimidazole (1.1 g, 58%) as a white solid; m.p. 109-112°C; 1h NMR (300
MHz. CDCI3) 8 7.98 (s. 1H, imidazole), 7.82 (d. J=8.4 Hz. 2H), 7.34 (d. J=8.3 Hz. 2H)
7.22 (s. 1H). 4.51 (s. 2H. CH2OH). 2.42 (s. 3H. CH3);

13C NMR (75 MHz. CDCI3) 6
146.68. 144.68. 136.82. 134.72. 130.58, 127.54. 114.28. 57.66, 21.82; MS m/e calc'd for
: 252.0569, found 252.0576.

Example AflB

( 1 H-1 •P'tOluenesulfonvlimidazQle^.i/l^a Tboxaldehvrifl

4-HydroxymethyM-p-toluenesulfonylimidazol (0.7 g, 2.8 mmol), prepared as in

Example 48A. was dissolved into 7 mL. of methylene chloride and manganese (IV) oxide
(2.0 g, 23 mmol) added. The reaction mixture was stirred at room temperature under a
nitrogen atmosphere for 20 hours. The reaction mixture was filtered through a celite pad.
the pad rinsed and the combined filtrates were evaporated. The residue was purified by
flash chromatography (2:3 ethyl acetate/hexanes) to give (1-p-toluenesulfonylimidazole-
4-yl)carboxaldehyde (0.45 g, 64 %) as a white solid.: 1h NMR (300 MHz. CDCI3) 8 9.79
(s. IH). 8.00 (s, 1H), 7.87 (s. 1H), 7.81 (d, J=8.2 Hz. 2H), 7.33 (d. J=8.0 Hz. 2H). 2.38 (s.

3H); MS m/e calc'd for : 250.0412, found 250.0419.

Example 4RC

methvl ester

(1-p-toluenesulfonylimidazole-4-yl)carboxaldehyde (0.10 g. 0.4 mmol). prepared
as in Example 48B. and 4-amino-2-phenylbenzoyl-methionine methyl ester hydrochloride
(0.16 g, 0.4 mmol) were dissolved in 10 mL of 95% methanol and 5% acetic acid and
stirred for 15 minutes. Sodium cyanoborohydride (0.05 g, 0.8 mmol)was added and the
reaction was stirred for 0.5 hour. Twice during this time additional (1-p-

toluenesulfonylimidazole-4-yl)carboxaldehyde (0.165 g, 0.66 mmol) and sodium
cyanoborohydride (0.83 g, 1.3 mmol) were added. The reaction was stirred at room
temperature under a nitrogen atmosphere for 16 hours. The reaction mixture was
concentrated and the residue was taken up in ethyl acetate and washed with a saturated
solution of sodium bicarbonate. The organic phase was dried over magnesium sulfate
and concentrated. The residue was purified by flash chromatography (3:2 ethyl
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acetate/hexanes) to give [4-(-1H-1.p-Toluenesulfonylimidazole-4-ylmethyamino-2-

phenylbenzoyljmethionine methyl ester (0.075 g, 7.5%) as a white solid; 1 H NMR (300
MHz. CDCI3 ) 5 7.97 (s, 1H, Imidazole). 7.79 (d. J=8.2 Hz. 2H). 7.65 (d. J=6.4 Hz. 1H).
7.4L7.34 (m. 8H). 7.18 (s. 1H. Imidazole). 6.60 (d. J=8.5 Hz. 1H). 6.46 (s. 1H ) 646 (s
1H). 5.71 (d. 7.65 1H). 4.62 (dd. J-6.14, 6.21 Hz. 1H). 4.27 (s. 2H), 3.64 (s. 3H) 2 44 (s
3H). 2.10 (t. J-7.56 Hz. 2H). 2.00 (s. 3H). 1.93-1.82 (m. 1H). 1.69-1.60 (m, 1H).

Example 4flQ

f4-(i-HHmidarole^»ylm^hYlOTinP)-2.phenvlhen7rjimethionine trifh.nrnarotntQ
The [4-(-1 H-1 -p-toluenesulfonylimidazole-4-ylmethyamino-2-

phonylbenzoyljmethionine methyl ester (0.075 g, 0.13 mmol), prepared in Example 48C
was dissolved into 2 mL of THF and cooled to 0<>C. Lithium hydroxide (2 mL. 0.5M) was
slowly added and the reaction mixture was stirred for 4 hours. The pH was adjusted to 4
with 1 N HCI and the THF was removed under vacuum. The aqueous layer was
lyophilized and the resulting solid was purified by reverse phase preparative HPLC
(Waters 25X10 cm. C-18 column, 220 nm UV detector, flow rate 15 mL/min. linear
gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 60% acetonitrile in

40 minutes) to give [4-(1-H-imidazole-4-ylmethylamino)-2.phenylbenzoyl]methionine
tnfluoroacetate as a white solid (0.03 g. 52%); 1h NMR (300 MHz. DMSO-d6) 8 14 44
(brs, 2H). 12.60 (s. 1H), 9.01 (s, 1H), 8.07 (d, J=7.8 Hz. 1H), 7.56 (s, 1H). 7.30-7 24 (m
8H). 6.65 (d, J=9.2 Hz, 1H), 6.59 (s, 1H), 4.41 (s, 2H), 4.25-4.18 (m, 1H. aCH Met

)

2.27-2.14 (m. 1H), 1.98 (s. 3H). 1.86-1.75 (m. 1H).
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0 N

Examples
f4-(i-H-2-M9lhvlimidazolg-4-vlmeth^^

Example 4QA

4-Hvdroxvmethvl.P.mAthylimtda?olft

1 .3-Dihydroxyacetone (6.2 g, 50 mmol) and ethyl acetimidate hydrochloride (4.5 g,
50 mmol) were added to an autoclave to which 50 mL of liquid ammonia was added.
The apparatus was sealed and heated (68-70°Q with stirring for 4 hours. After cooling
the reaction mixture was extracted with hot acetonitrile which upon cooling formed a
precipitate which was collected to give 4-hydroxymethyl-2-methylimidazole (2.3 g, 41%)-
1 H NMR (300 MHz, CDCI3) 8 6.75 (s, 1 H), 4.50 (s, 2H), 2.35 (s, 3H); 1 3c NMR (75
MHz. CDCI3) 8 143.48, 135.98, 116.25, 55.59, 12.95.

Example 42B
4-HvdroxvmflthY|.p.mftthvM.p.tnliiflnesulfQnvlimida2Qlfl

4-Hydroxymethyl-2-methylimidazole (0.7 g, 6.25 mmol), prepared as in Example
49A. and p-toluenesulfonylchloride (1.2 g. 6.25 mmol) were suspended in 5 mL of

distilled water and 3 mL of THF. Sodium hydroxide (1N) was added to maintain a pH of

9 over a period of 3 hours. The reaction mixture was extracted with ethyl acetate (3X50
mL.). The extracts were combined, dried over magnesium sulfate

, concentrated and
crystallized from ethyl acetate, collected by vacuum filtration and dried- to give 4-

hydroxymethyl-2-methyl-1-p-toluenesulfonylimidazole (0.5 g, 35%) as a white solid; m p
140-143°; 1H NMR (300 MHz. CDCI3) 8 7.78 (d, 8.25 2H). 7.36 (d, J=8.25 Hz. 2H), 7.33
(s. 1H), 4.49 (s, 2H), 2.50 (s, 3H). 2.45 (s. 3H); 13c NMR (75 MHz. CDCI3) 8 146.38,

140.96, 134.85. 130.51. 127.57, 116.05, 57.37, 21.84, 15.02; MS m/e calc'd: 266.0725.
found: 266.0714.
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Example 4QC

(2-Methvl- 1 -P-tQluenesulfonvlimida7nlpwl.Yn.carhnYa^fhy^n
4-Hydroxymethyl-2-methyl-1-p.toluenesulfonylimidazole (0.75 g, 2.8 mmol)

prepared as in Example 49B, was dissolved into 10 mL of methylene chloride and
manganese (IV) oxide (2.0 g, 23 mmol) added over an 8 hour period. The reaction
mixture was stirred at room temperature for an additional 16 hours. The reaction mixture
was filtered through a celite plug and concentrated to leave a slightly yellow oil The
residue was crystallized from ethyl acetate, collected and dried to give (2-methyM-p.
toluenesulfonylimidazol-4-yl)carboxaldehyde (0.44 g, 59%) as a white solid; mp 106-
1090 C;1HNMR (300 MHz, CDCI3) 8 9.82 (s, 1 H), 8.09 (s, 1 H), 7.84 (d, J= 7 53 2H)
7.42 (d. J=7.44, 2H), 2.56 (s, 3H), 2.48 (s, 3H); 13C NMR (75 MHz. CDCI3) 8 184.95
147.32, 139.63, 133.81, 130.83, 127.94, 125.35, 21.93, 15.18.

Example 4QO

f4-( 1 H-2-MethvH •P-t0luenes>llfonvlimiria?nl.4.v|methvlaminn).p.

Phenvlbenzovllmethioninfl m»»hV i

eslflr

(2-Methyl-1.p-toluenesulfonylimidazol-4-yl)carboxaldehyde (0.10 g, 0.38 mmol)
prepared as in Example 49C. and 4.amino-2-phenylbenzoyl-methionine methyl ester

'

hydrochloride (0.037 g, 0.09 mmol) were dissolved in 10 mL. of 95% methanol and 5%
acetic acid and stirred for 15 minutes. Sodium cyanoborohydride (0.048 g, 0.76 mmol)
was then added and the reaction was stirred for 0.5 hour. Additional (2-MethyM-p-
toluenesulfonylimidazol-4-yl)carboxaldehyde (0.10 g, 0.038 mmol) and sodium
cyanoborohydride (0.048 g, 0.076 mmol) were then added, followed by 4-amino-2-
phenylbenzoylmethionine methyl ester hydrochloride (compound 8, 0.037 g 1 7 mmol)
Additional carboxaldehyde (0.24 g, 0.91 mmol) and 4-amino-2-phenylbenzoylmethionine
methyl ester hydrochloride (0.180 g, 0.46 mmol) were then added and the reaction was
st.rred at room temperature for 0.5 hour. The reaction mixture was concentrated and the
residue taken up in ethyl acetate and washed with a saturated solution of sodium
bICarbonate. The organic phase was dried over magnesium sulfate and concentrated
The residue was purified by flash chromatography (4:1 ethyl acetate/hexanes) to give [4-

(1H-2-methyl-1-p.toluenesulfonylimidazoM.ylmethylamino)-2-phenylbenzoyl)methionine
methyl ester (0.185 g. 47%) as a white foam; 1H NMR (300 MHz, CDCI3) 5 7.73 (d,
J=6.28 Hz. 2H), 7.67 (d, J=8.52 Hz, 2H), 7.42-7.27 (m, 7H), 6.62 (dd, J=7.23 2 25 Hz
1H). 6.49 (d, J=2.25 Hz, 1H), 5.71 (d, J=7.59 Hz, 1H), 4.66-4.59 (m, 1H, aCH Met.) 4 55
(t. J=5.46 Hz, 1H), 4.22 (d, J=5.34 Hz, 2H), 3.65 (s, 3H). 2.62 (s. 3H). 2.50 (s. 3H) 2 10
(t, J=7.65 Hz. 2H), 2.01 (s, 3H), 1.94-1.78 (m, 1H), 1.72-1.60 (m, 1H); 13C NMR (75
MHz, CDCI3) 8 172.26, 168.67, 149.40, 146.34, 141.62, 141.30, 138.38, 134 99 131 44
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130.58. 128.95. 128.83. 128.02. 127.50. 123.54. 116.28. 1 14.45. 1 1 1.67. 52.51. 52 01
41.45. 31.68. 29.71. 21.91. 15.49. 15.35.

Example 4QE

f4-(i-H-2-M^hYiimi<aayQi-4-vimethvaminot-?-DhQnviben7nYiimethioninft tpfluoiaagfilaig

[4-(1H-2-methyl-1-p-toluenesulfonylimidazol-4-ylmethylamino)-2-

phenylbenzoyl]methionine methyl ester (0.1 g, 0.165 mmol). prepared as in Example
49D. was dissolved in 2 mL of THF and cooled to 0<>C. Lithium hydroxide (2 mL. 0.5M)
was slowly added and the reaction mixture was stirred for 6 hours. Aqueous HCI (3 mL.
0.5M) was added and excess THF removed under vacuum. The aqueous layer was
lyophilized and the resulting solid was purified by reverse phase preparative HPLC
(Waters 25X10 cm. C-18 column. 220 nm UV detector, flow rate 15 mL/min. linear
gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 60% acetonitrile in

40 minutes) to give [4-(1-H-2-methylimidazol-4-ylmethyamino)-2-

phenylbenzoyljmethionine trifluoroacetate as a white solid (0.03 g. 52%); 1 H NMR (300
MHz. CDCI3 ) 6 14.12 (br. s. 1H). 13.92 (br. s. 1H), 12.55 (brs 1H). 8.06 (d. J=7.8 Hz.
1H), 7.39 (s. 1H), 7.28-7.22 (m. 7H). 6.62 (d. J=8.7 Hz. 1H). 6.56 (s. 1H). 4.32 (s 2H)
4.23-4.16 (m. 1H. aCH Met.). 2.49 (s. 3H). 2.29-2.12 (m. 2H). 1.96 (s. 3H). 1.84-1 73 (m
2H).

Example SO

f4-((1-H-imidaZQM-Vl)-3-proDvlcarbonvlaminQW9-phAnvlben7ovl)mftthinnina

trifluoroare^^

Example SOA

frans-Urocanic aeid-methvi ester

Urocanic acid (0.6 g. 4.3 mmol) was suspended in methanol and HCI gas bubbled
through so refluxing commenced for 1 hour After cooling the precipitate was collected by
vacuum filtration, washed with hexanes and dried to give frans-urocanic acid-methyl
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ester (0.74 g, 91%) as a white solid, m.p. 239-242°C; 1h NMR (300 MHz, CDCI3) 8
9.26 (s. 1H), 8.07 (s. 1H). 7.59 (d. J=16.3 Hz. 1H). 6.89 (d, J-16.2 Hz. 1H). 3.74 (s. 3H);

Example SQB
3-(1'H-lmida?ol-4.yhnrnp^poic acid methyl aSlBI

T/ans-urocanic acid-methyl ester (0.6 g, 3.2 mmol) was dissolved in methanol (20
mL) and hydrogenated at room temperature using 10% Palladium on carbon (0.04 g)
under a hydrogen atmosphere (40 ps«) for 5.5 hours. The reaction mixture was filtered

through a celite plug and concentrated. The residue was crystallized from ethyl ether,
collected and dried to give 3-( 1 -H-imidazol-4-yl)propanoic acid methyl ester (0.56 g

-

93%) as a white solid; m.p. 105-108° C; 1h NMR (300 MHz. CDCI3) 6 8.99 (s. 1H)', 7.40
(s, 1 H). 3.58 (s, 3H); MS m/e caic: 154.0742, found: 154.0750.

Example SOP,

3-f1-H-i-TriPhenvlmethvlimidazoi-4.vnpronannic acid methyl aster
To a solution of 3-(1-H-imidazol-4-yl)propanoic acid methyl ester (0.5 g, 2.6

mmol). prepared as in Example 50B. and triphenylmethylchloride (0.73 g, 2.6 mmol) in

10 mL of methylene chloride was added triethylamine (0.58 g, 5.2 mmol). The reaction
mixture was stirred at room temperature for 3 hours. The organics were washed with
distilled water, dried using magnesium sulfate and concentrated under vacuum. The
residue was crystallized from ether and hexanes, collected by vacuum filtration and dried
to give 3-(1H-1-triphenylmethylimidazol-4-yl)propanoic acid methyl ester (0.81 g 79%) as
a white solid; m.p. 140-141 C°; 1 H NMR (300 MHz, CDCI3) 8 7.39-7.30 (m. 10H).7.15-
7.77 (m, 6H), 6.55 (s, 1H), 3.62 (s, 3H), 2.87 (t, J=7.32 Hz, 2H), 2.66 (t, J=7.74 Hz, 2H)

Example snn

3-f 1 H- 1 -TriPhflnvlmethvlimida7nU.yhprppannir ag^
To a 0 °C solution of 3-(1H-1-triphenylmethylimidazol-4-yl)propanoic acid methyl

ester (0.6 g. 1 .5 mmol), prepared as in Example 50C, was slowly added lithium hydroxide
(6 mL. 0.5M) and the reaction mixture was stirred for 2 hours. The THF was removed
under vacuum and the aqueous layer was acidified using HCI (6 mL. 0.5M). A white
precipitate which formed was collected by vacuum filtration and dried to give 3-(1H-1-

triphenylmethylimidazol-4-yl)propanoic acid (0.53 g, 93%) as a white solid; m.p. 182-186'
C; 1H NMR (300 MHz. DMSO-d6) 8 7.40-7.38 (m, 9H), 7.26 (s, 1H), 7.09-7.07 (m, 6H),
6.64 (s. 1H). 2.67 (t. J=6.66 Hz. 2H). 2.49 (t. J=6.78 Hz, 2H).

Example 50F
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[4-((1H.1-TriPh9nYlmethvlimida70l-4-vn.3.nrnnY lcarbQnvlaminnUp.

Phenvlbenzovllmethioninfl
ft^ft

r

To a 0 °C solution of 3-(1H-1-triphenylmethylimidazol-4-yl)propanoic acid (0.5 g.
1 .3 mmol). prepared as in Example 50D, ethyl dimethylaminopropyl carbodiimide
hydrochloride (0.27 g, 1.4 mmol). 3-hydroxy.1,2.3-benzotriazin.4(3H)-one (HOBT, 0.18 g,
1 .3 mmol), and 4-amino-2-phenylbenzoy|.methionine methyl ester hydrochloride (0.52 g,
1.3 mmol) in 10 mL of methylene chloride, was added triethylamine (0.13 g. 1 .3 mmol)
and the reaction mixture was stirred for 16 hours at room temperature under a nitrogen
atmosphere. The reaction mixture was washed first with distilled water followed by 0.5N
HCI. The organics were dried using magnesium sulfate and concentrated. The residue
was purified by flash chromatography (19:1 chloroform/hexanes) to give (((1H-1-

triphenylmethylimidazol-4-yl).3-propylcarbonylamino)-2.phenylbenzoyl)methionine methyl
ester (0.38 g. 40%) as a white foam; NMR (300 MHz. CDCI3) 5 9.96 (s. 1H). 7.70 (d.

1 H). 7.69-7.56 (m. 2H). 7.56-7.23 (m, 17H). 7.08-7.05 (m. 4H). 6.62 (s, 1 H), 5.85 (d.

J=7.68 Hz. 1H). 5.85 (d. J=7.68 Hz. 1H). 4.64 (dd. J=7.26. 6.23 Hz. 1H), 3.65 (s. 3H).
2.95-2.91 (m, 2H). 2.81 -2.77 (m. 2H).

Example fiftF

f4.(1H-imidazp|-4-Yn-3-Propvlcarbonvlamino-?-oh8nVlben7nyl)methi0nin fl trifl,.nr^rftatf
To a 0 °C solution of [4-(1H-1-triphenylmethylimidazol-4-yl)-3-

propylcarbonylamino-2-phenylbenzoyl]methionine methyl ester (0.16 g. 0.23 mmol).
prepared as in Example 50E. in 4.4 mL of THF was slowly added lithium hydroxide (4.4
mL. 0.5M) and the reaction mixture was stirred for 2 hours. The pH was adjusted using

0.5 M HCI and the mixture was extracted with ethyl acetate (3X50 mL.). The extracts
were combined, dried over magnesium sulfate and concentrated to an oil. The oil was
taken up in methylene chloride (4 mL.) to which trifluoroacetic acid (8 mL) was added
which produced a deep yellow color. Immediately after the addition of TFA. triethylsilane

was added dropwise until the reaction mixture was nearly colorless. The reaction was
stirred for 2 hours at ambient temperature and concentrated to give a solid which was
washed with diethyl ether. The solid was collected by vacuum filtration, washed with
additional diethyl ether and dried to yield [4-(1H-imidazol-4-yl)-3-propylcarbonylamino-2-

phenylbenzoyl]methionine trifluoroacetate (0.073 g, 36%). ^H NMR (300 MHz, CD3OD)
8 8,72 (s. 1H), 7.64 (br s. 2H). 7.35-7.50 (m, 8H), 4.50 (br s. 2H). 2.80 (br s. 2H), 2.19 (br

s. 2H). 2.00 (s. 3H), 1.82 (br s. 2H). MS m/e 467 (M+H)*.
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SCHj

Example S1

f4-(3-PYridYlmethvlOXVmethvn-2-DhflnVlben7Qv/nmpthionin6 hvrirnrhln
rj
Ha

5 Example 51

A

f4-(3-DVridvlmethvlOXVmethvn-2.phenVlh<>n2Qie aciri methyl gggj
To a solution in DMF of 3-pyridinemethanol (0.59 mL) was added sodium hydride

(60% in mineral oil. 0.19 g), and the mixture was stirred until gas evolution ceased. A
solution of 2-phenyl-4-bromomethylbenzoic acid methyl ester (0.98 g) in DMF was then

10 added and the reaction mixture was stirred until the bromide was consumed. The
reaction mixture was partitioned between ethyl acetate and water. The organic phase
was washed with brine, dried, and concentrated. The residue was purified by
chromatography on silica gel ( 1 : 1 ethyl acetate-hexanes) to give [4-(3-

pyridylmethyloxymethyl)-2-phenylbenzoic acid methyl ester (0.58 g).

Example S1B

4-(3-pyridvlmethvlOXvmethvlVP-nhenvlben7nir ariri

To a solution in methanol (5 mL) of l4-(3-pyridylmethyloxymethyl)-2-phenylbenzoic
acid methyl ester (0.58 g), prepared as in Example 51A, was added saturated aqueous
lithium hydroxide and the reaction mixture was stirred overnight at ambient temperature.
The reaction mixture was warmed to 60 °C and stirred for 4 hours. The reaction mixture
was concentrated in vacuo and the residue was taken up in water. The aqueous phase
was taken to pH 5 with aqueous 3N HCI and extracted with chloroform. The organic
phase was concentrated in vacuo to give 4-(3-pyridylmethyloxymethyl)-2-phenylbenzoic

25 acid (0.52 g).

30
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Example 51C

f4-(3'PYridYlm9(hYl0xvmethvl)'2-t)hflnvlhen2Qvnmethinnine methvl **i»r

The desired compound was prepared by coupling of 4-(3-pyridylmethyloxymethyl)-
2-phenylbenzoic acid with methionine methyl ester hydrochloride as described in

Example 163D.

Example S1D

f4-(3-PVridvlmethvloxvmethvn.2.phenvihan^ynmethiQninfl

The desired compound was prepared by saponification of [4-(3-

pyridylmethyloxymethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in

Example 51 C using the procedure of Example 51 B; 1 H NMR (CDCI3 , 300 MHz) 5 1.66-

2.17 (4H. m), 2.02 (3H, s), 4.62 (1H, m), 4.76 (2H, s), 4.78 (2H, s). 6.31 (1H, d, J=
6.3Hz). 7.23-7.44 (7H. m). 7.71 (1H. d. J=7.8Hz), 7.86 (1H. m). 8.34 (1H. m). 8.65 (1H.
m), 8.72 (1H. m); MS (DCI/NH3) m/e 451 (M+H)+. Anal cated for C25H26N2O4S I .45

HCI: C
. 59.65; H. 5.50; N, 5.56. Found: C. 59.80; H . 5.11; N. 5.26.

SMc

Example 52

f4-(L-histidvl)-2-Dhenvlben7Qvnmethioninft hydrochloride

Example 52A

f4.(bis-te^bMt0WCarhonvl-L-histidvl)-p.phenvlben7oVl1methionine methyl P^r

Bis-fert-butoxycarbonyl-L-His (1 .78 g, 5.00 mmol) was added to a solution of (4-

amino-2-phenylbenzoyl]methionine methyl ester (compound 8, 1.79 g, 5.00 mmol). 3-

hydroxy-1 ,2,3.benzotriazin-4(3H)-one (HOOBT. 2.50 g, 1 5.0 mmol). 1 -(3-

dimethylaminopropyl)-3-ethylcarbodiimide (EDC. 2.93 g. 15.0 mmol), and N-

methylmorpholine (NMM) in DMF (25 ml). The reaction mixture was stirred at ambient
temperature for 17 hours and then was concentrated under reduced pressure (50

eC. 0.1

mm Hg) to provide an amber oil. The oil was dissolved in ethyl acetate (25 ml) and the
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solufon was extracted with saturated aqueous NaHC03 (3 x 10 mL), followed by brine
(10 mL). The combined aqueous layers were back-extracted with ethyl acetate (10 mL)and the combined organic portions were dried (MgS04 ) and then concentrated under

'

reduced pressure to provide a yellow solid. Flash column chromatography (90-8-2 to

L°hf^ IT^!?'
aCeta,e-E,3N > afforded 132 9 08%) of [4.(bis-fert-butoxycarbonyl-

L-h«stidyl)-2-phenylbenzoyl methionine methyl ester; iH NMR (CDCI3 ) 5 1 41 (s 9 H)
1.58 (s 9 H), 1.61-1.78 (m, 1 H), 1.83-1.95 (m. 1 H), 1.98 (s. 3 H). 2.04-2.13 (comp 2 H)
.9 (dd 1 H). 3.18 (dd, 1 H), 3.63 (s. 3 H), 4.50-4.92 (comp, 2 H). 5.64 (d, 1 H), 6^2 (d
H), 7.21 (s, 1 H), 7.30-7.42 (comp, 5 H), 7.45 (m. 1 H), 7.68 (d, 1 H), 8.02 (s 1 H) 9 63

(br. 1 H). LRMS (CI): 696 (M+1)*.
1 h 63

Example fipq

f4'(L-histidyl)-?-phpnvibenzovnmethioninft m»
t
h
Yl
oSter hyr!^^,^

[4*(bis-tert-butoxycarbonyl-L-histidyl)-2-phenylben2oyl methionine methyl ester
(0.992 g, 1 .42 mmol), prepared as in Example 52A, was dissolved in 4 M HCI/ dioxane
(15 mL), upon which gas evolution was observed. The clear amber solution was stirred
for 6 hours, during which time a white precipitate formed. The mixture was treated with
ethyl ether and the precipitate was isolated by filtration to provide 0.779 g (1 00%) of [4-
(L-h.st.dyl)-2-phenylben2oyl methionine methyl ester (believed to be the mono-
hydrochloride salt); i H NMR (CD3OD) 8 1 .72-1 .87 (m, 1 H), 1 .95-2.03 (comp. 4 H) 2 08-
2.28 (comp. 2 H), 3.38-3.60 (comp, 2 H), 3.67 (s, 3 H). 4.45-4.57 (comp, 2 H), 7.30-7 46
comp, 6 H). 7.53 (d. 1 H), 7.69 (d, 1 H), 7.77 (app s. 1 H), 8.90 (s. 1 H). LRMS (CI): 496
(M+1) + .

Example

f4-(L-histidvl>-2.phenyihAnrfViimeth inn inA(lYdrQch |nrif1f
To a solution of [4-(L-histidyl)-2-phenylbenzoyl methionine methyl ester

hydrochlonde (98.9 mg, 0.200 mmol), prepared as in Example 52B, in THF/H20 (4 1 20mL) was added LiOH.H20 (68.5 mg, 1 .60 mmol). The solution was stirred for 6 hours
and then was treated with 1 M aqueous HCI (20 mL). The mixture was lyopholized to
prov.de a white solid. Recrystallization from methanol afforded [4-(L-histidyl)-2-
phenylbenzoyl]methionine hydrochloride (31 mg, 32%) as a white solid. 'H NMR (D20)
6 1.68-1.82 (m, 1 H), 1.88-1.99 (comp, 2 H), 2.02 (s, 3 H), 2.00-2.12 (m, 1 H), 3.28-3 32

m
2

rL
3

;

49 2 H)
'

4 28*4 -34 (m> 1 H)
"

4 'U (t ' 1 H)
'

7 36"7 53
<
comP- 8 H). 7.57 (m.

1 H), 8.67 (m,1H); LRMS (CI): 482 (M+1)+, 701.
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SMe

Example 53

[4-f 1 H- 1 •m9thvlimidaZQl-2»vlcarboxvaminQU9.nhenvlben7nyl|mflt^i^n jnn

Example S3A

ri-ethOXV-2-n>methvMH.imida7n|-2.Vhethenvnrarbonic acid at^yf 0fftftf

Triethylamine (10.2 g, 100.0 mmol) was added to a solution of 1,2-

dimethylimidazole (2.45 g. 25.0 mmol) in acetonitrile (25 mL) at 0 °C. Ethyl

chloroformate (6.15 g, 55.0 mmol) was added dropwise (1 drop/sec) and the reaction

mixture was slowly warmed to ambient temperature. After 4 hours, the reaction mixture
was concentrated under reduced pressure, and the residue was treated with 1:1 sat'd

aqueous NaHC03/H20 (25 mL). The mixture was extracted with dichloromethane (4 x

25 mL), and the organic extracts were rinsed with brine (25 mL), dried over MgS04,
filtered, and concentrated under reduced pressure to provide an amber oil. Flash column
chromatography (ethyl acetate:CH2CI2:Methanol:HC02H ; 40:40:18:2 to 30:30:38:2)
afforded 3. 1 3 g ( 1 3%) of a 3: 1 mixture of formic acid and the desired compound. 1 H
NMR (CDCI3 ) 5 1.2-1.6 (br, 6 H), 3.7-3.9 (br, 3 H), 4.2-4.6 (br. 4 H), 7.1 (br. 1 H), 7.3 (or,

1 H). 8.2 (br), 10.8 (br). LRMS (CI): 241 (M+1)+, 169 (54318-148C+1)*.

Example 53B

(1 H-1 -methvlimida20l-2-v»aretir arid

The forrmic acid contaminated material prepared in Example 53A (3.13 g, ca 3.50
mmol) from above was dissolved in 3 M aqueous HBr (30 mL). The solution was heated
to reflux for 30 hours, after which lyopholization afforded 0.783 g (ca 100%) of (1H-1-
methylimidazol-2-yl)acetic acid. 1 H NMR (CD3OD) 8 3.40 (s, 3 H). 5.38 (s, 3 H). 7.32-

7.36 (comp. 2 H). 7.41-7.46 (comp, 3 H), 7.76-7.78 (m, 1 H). 7.78-7.80 (m, 1 H). 7.87 (d.

J=8.8 Hz. 1 H). LRMS (CI): 304 (M+18)\ 287 (M+1)+.
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Example 53C

[4-d H-i-mmhYlimidarol-?-YlcarbQxvaminoWP-DhenVib6n7^iiniethinninp m»fhY |^
Triethylamine (1.23 g, 12.0 mmol) was added dropwise to a solution of [4-amino-

2-phenylbenzoyl]methionine, methyl ester hydrochloride (Compound 8, 1 .00 g 2 03
mmol), (1H-1-methylimidazol-2-yl)acetic acid (0.783 g, 3.54 mmol), prepared as in
Example 53B. 3-hydroxy-1 ,2,3-benzotriazin-4(3W)-one (1 .06 g, 6.37 mmol), and 1 -(3-

dimethylaminopropyl).3-ethylcarbodiimide
(1 .25 g. 6.37 mmol) in DMF (35 mL). The

reaction mixture was stirred at ambient temperature for 16 hours and then concentrated
under reduced pressure (50 °C, 0.1 mm Hg) to provide an amber oil. Flash column
chromatography (ethyl acetate:CH2CI2:Methanol:HCG2H 30:30.38:2). followed by a
second chromatography(ethyl acetate:HC02H 92:2) afforded 0.891 g (52%) of a ca 1 :1

mixture of triethylamine hydrochloride and the desired compound. 1 H NMR (CDCI3) 8
1.05-1.35 (t, 9 H of TEA-HCI), 1.80-1.92 (m, 1 H), 1.94-2.08 (comp. 4 H), 2.12-2.22 (m. 1

H), 2.22-2.37 (m, 1 H), 3.10-3.24 (comp, 6 H of TEA-HCI -t- ?), 3.72 (s, 2 H), 3.91 (s. 3 H),
4.50-4.61 (m, 1 H), 7.33-7.45 (comp. 7 H), 7.46 (d. 1 H). 7.64-7.70 (comp. 2 H). Note iH
spectrum poorly resolved such that assignments uncertain. LRMS (CI): 481 (M+1 )*.

Exampto gap
f4-(1H-i-m9thvlimiriazol-2-vlM^

Lithium hydroxide hydrate (1 .71 g, 40.0 mmol) was added to a solution of the
triethylamine hydrochloride contaminated methyl ester prepared in Example 53C (0.891

g. 1.00 mmol) in THF/H20 (4:1, 50 mL). The solution was stirred for 5 hours and then
extracted with pentane (40 mL then 20 mL). The mixture was carefully acidified by the
addition of 3 M aqueous HCI and then lyopholized. Flash column chromatography (ethyl
acetate:CH2CI2:Methanol:HC02H (30:30:39:1) ) followed by filtration of the concentrate
through celite with methanol rinses afforded 0.080 g (ca 9%) of a 4:1 mixture of HC02H
and [4-(1H-1-methylimidazol-2-ylcarboxyamino)-2-phenylbenzoyl]methionine. 1H NMR
(CD3OD): 6 1.2-1.5 (small amount unidentified impurity), 1.8-1.9 (brm, 1 H), 1.9-2.1 (br.

comp 5 H), 2.1-2.3 (br m. 1 H). 3.6-4.0 (br m, 2 H). 4.0 (s, 3 H). 4.4-4.5 (br. m. 1 H). 7.3-

7.5 (br comp. 6 H), 7.5-7.6 (br comp. 2 H). 7.6-7.8 (br m. 2 H). LRMS (CI): 467 (M+1 )*.
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Example 54

f4-(3-Pvridvloxvmethvn.2.phenvlbpn7nyi|a i?^jnf

Example 54A

4-chloromethvl-2»Dhenvlbenzoic acid methvl ester

To a solution of 10.5 g (43.3 mmol) of methyl 4-hydroxymethyl-2-phenylbenzoate
in 50 mL of A/./V-dimethylformamide was added 4.5 mL (62 mmol) of thionyl chloride, and
2.0 g (47 mmol) of lithium chloride. The reaction was complete upon dissolution of the
lithium chloride. The solution was poured into 350 mL of water, then extracted with

diethyl ether (3 x 100 mL). The combined diethyl ether layers were back extracted with

water (2 x 100 mL), saturated aqueous sodium bicarbonate solution (1 x 100 mL), and
brine (1 x 100 mL), dried over magnesium sulfate, filtered, and concentrated in vacuo to

1
1 1 g (98%) of 4-chloromethyl-2-phenylbenzoic acid methyl ester as a pale yellow oil.

Example 54B

4-(3-Dvridvloxvmethvn2-DhenvlbenzQic acid methvl ester

To a solution of 1 1 .1 g (42.3 mmol) of 4-chloromethyl-2-phenylbenzoic acid methyl
ester, prepared as in Example 54A, in 150 mL of toluene was added 1.7 g (6.4 mmol) of

18-Crown-6, and 8.40 g (63.1 mmol) of 3-hydroxypyridine, potassium salt. The reaction

was stirred at ambient temperature for 20 minutes, then heated to reflux under N2. After

3 hours, the mixture was poured into 100 mL of water. The layers were separated, then
the aqueous layer was extracted with ethyl acetate (3 x 100 mL). The combined organic
layers were back extracted with 2M aqueous NaOH (2 x 30 mL). brine (1 x 100 mL),
dried over magnesium sulfate, filtered, and concentrated to an oil which slowly

crystallized. The product was recrystallized from 50 mL of 2-propanol to give 6.78 g of a
tan solid. The supernatant was concentrated and purified via silica gel chromatography

(50:50 hexanes: ethyl acetate) to give another 2.18 g of product, for a total yield of 8.96 g
(66%). 'H NMR (300 MHz, dfrDMSO) 53.60 (s, 3H). 5.33 (s, 2H), 7.28-7.54 (m. 8H),

7.57 (dd. J=1.5, 9.0 Hz. 1H), 7.78 (d, J=9 Hz, 1H). 8.18 (dd, J=1.0, 5.5 Hz. 1H), 8.38 (d.

J=3.0 Hz. 1H).
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Example SAC

4-(3-pvridvlQxvmethvh2.phi»nvihAn^i
fffin iTl

To 2.60 g (8.14 mmol) of 4-(3-pyridyloxymethyl)2-phenylbenzoic acid methyl ester
prepared as in Example 54B, was added 15 mL of methanol, and a solution of 0.79 g (12
mmol) of 85% KOH in 3 mL of water. The mixture was stirred at reflux for 3 hours, then
concentrated in vacuo. The residue was taken up in 5 mL of water and treated with 12
mL of 1 M aqueous HCI. The precipitated product was filtered and washed with a small
amount of water. The combined washings and filtrate were adjusted to pH 4 with 1

M

HCI, and additional precipitate was collected, then washed with water. The combined
precipitates were dried in vacuo to give 4.(3.pyridyloxymethyl)2-phenylbenzoic acid (2.48
g, 99%) as an off-white powder. 1H NMR (300 MHz, dfrDMSO) 8 5.31 (s, 2H) 7 31-
7.56 (m, 9H). 7.76 (d, J=7.5 Hz, 1H), 8.19 (dd, J=1.0, 6.0 Hz, 1H), 8.39 (d. J=3 0 Hz 1H>
12.8 (brs, 1H).

'

Example S4D

f4'(3-PYPdvloxvm9thvl)-2-nhenvlben2Qvlla |aninA m»
tfrY| f

To a solution of 100 mg (0.33 mmol) of 4-(3-pyridyloxymethyl)2-phenylbenzoic
acid, L-alanine methyl ester hydrochloride (1.5 mmol), 69 mg (0.36 mmol) of 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride, and 59 mg (0.36 mmol) of 3-
hydroxyl ,2,3-benzotriazin-4(3H)-one in 1 mL of /V.AWimethylformamide was added 5
drops of triethylamine. The mixture was stirred at ambient temperature for 24 hours,
then poured into 10 mL of 0.6M aqueous sodium bicarbonate and extracted with ethyl
acetate (3x5 mL). The combined ethyl acetate layers were back extracted with water (2
x 5 mL), then brine (1x5 mL), dried over magnesium sulfate, filtered, and concentrated
in vacuo. The product was purified via chromatography over silica gel, eluting with an
appropriate mixture of hexanes and ethyl acetate.

Example S4P

f4-(3-PVridvlOXVmethvh-2.phenvlhftn?ov|1alaninP
To approximately 0.3 mmol of [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]alanine

methyl ester, prepared as in Example 54D. was added 1 mL of 1.39M NaOH in 5:1
methanol: water. The mixture was heated to reflux for 20 minutes, then 1 mL of water
1 .4 mL of 1M aqueous HCI, and 5 mL of ethyl acetate were added sequentially. The

'

b.phas.c mixture was stirred, then separated, and the aqueous layer was extracted with
addrtional ethyl acetate (2 x 5 mL). The combined ethyl acetate layers were dried over
magnesium sulfate, filtered, and concentrated to give 4-(3-pyridyloxymethyl)-2-

phenylbenzoyl-L-alanine as a foam, i H NMR (300 MHz, o^DMSO) 8 1 .1 1 (d, J= 7 1
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Hz. 3H), 4.14 (quintet. J=7.3 Hz, 1H). 5.21 (s, 2H). 7.22-7.45 (m, 10H), 8.10 (d. J=4.1
Hz. 1H), 8.29 (d. J= 1.7 Hz. 1H). 8.46 (d. J=7.5 Hz. 1H), 12.42 (brs, 1H); MS (DCI) m/e
377 (M+H)+, 394 (M+NH4 )

+
. Anal calcd for C22H2oN204«0.15HCI: C. 69.19; H, 5.32; N,

7.34. Found: C. 69.22; H. 5.01 ; N, 7.07.

Example 55

r4-f3-ovridvloxvmethvn-2-Dhenvlbenzovltevsteine disodium salt

Example 55A
f4-(3-DVridvloxvmethvn-2-Dhenvlben2Qvl1homocvstein6 thinlartnng

The desired compound was prepared according to the method of Example 54D,
except substituting DL homocysteine thiolactone hydrochloride for L-alanine methyl ester

hydrochloride.

Example 55B
f4-(3-DvridvloxvmethvlW9.nhflnvlbenzovnevsteine disodium salt

To 51 mg (0.13 mmol) of [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]homocysteine

thiolactone. prepared as in Example 55A, was added 1 mL of 0.25 M NaOH in 9:1

methanol: water. The mixture was heated at reflux for 1 hour, then concentrated in

vacuo to a white solid. NMR (300 MHz, d6-DMSO) 8 1 .68-1 .95 (m, 2H), 2.05-2.42

(m. 2H), 3.80-3.95 (m, 1H), 5.27 (s, 2H). 7.28-7.49 (m, 11H), 8.18 (dd. J= 1.2. 4.6 Hz.

1H), 8.38 (d. J=2.7 Hz, 1H); MS (DCI) m/e 405 (-H20). Anal calcd for

C23H2oN204SNa2«1 .35H20: C. 56.29; H. 4.66; N, 5.71 . Found: C. 56.33; H, 4.84; N,

5.55.
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Example 56

f4.f3-DVridvlamin0methvh.9.nhenvlbfln7nyl1mp
thr"i"a

Example 56A

f4-0-DvridvlamionomBthyn-2-DhenvlbenzQic acid methyl $$\?r
To a solution of 1 .72 g (7.16 mmol) of 4-methoxycarbonyl-3-phenylbenzaldehyde

in 21 mL of methanol was added 7 mL of glacial acetic acid, the 875 mg (9.31 mmol) of

3-aminopyridine. The solution was stirred at ambient temperature for 1 hour, then cooled
with an ice bath. Next. 750 mg (1 1.9 mmol) of sodium cyanoborohydride was added in

small portions, keeping the ensuing bubbling under control. After 30 minutes, the ice
bath was removed, and the reaction was stirred for 18 hours at ambient temperature.
The reaction was concentrated in vacuo, then the residue was taken up in 75 mL of

water and extracted with ethyl acetate (2 x 35 mL). The combined ethyl acetate layers
were back extracted with saturated aqueous sodium bicarbonate solution (2 x 35 mL),
then brine (1 x 35 mL), dried over magnesium sulfate, filtered, and concentrated to an oil.

Purification via silica gel chromatography(ethyl acetate) provided 4-(3-

pyridylamionomethyl)-2-phenylbenzoic acid methyl ester (2.10 g, 92%) as a colorless oil.

Example 5fiB

f4.f3-PvridvlaminnmqtpVn.2.phenylhQnzovl1methif>ninB

The desired compound was prepared according to the method of Example 54,
steps C, D and E, except substituting 4-(3-pyridylamionomethyl)-2-phenylbenzoic acid
methyl ester, prepared as in Example 56A, for (4-(3-pyridyloxymethyl)-2-

phenylbenzoyljalanine methyl ester, and substituting D-methionine methyl ester

hydrochloride for L-alanine methyl ester hydrochloride. 1 H NMR (300 MHz, d6-DMSO) 6

1.75-1.91 (m, 2H), 1.98 (s, 3H), 2.16-2.27 (m. 2H), 4.27 (m, 1H). 4.39 (d, J=6.4 Hz. 2H).
6.62 (t. J= 6.4 Hz, 1 H), 6.90 (ddd. J= 1 .4, 2.7, 8.5 Hz, 1 H), 7.03 (dd, J= 4.6. 8.3 Hz, 1 H).
7.30-7.41 (m. 8H). 7.40 (d, J=4.1 Hz. 1H). 7.97 (d. J=2.7 Hz. 1H). 8.50 (d. J= 7.8 Hz.
1H), 12.65 (br s. 1H); MS (DCI) m/e436 (M+H)*. Anal calcd for C24H25N3O3S»0.90H2O:C 63.81 ;H. 5.98; N, 9.30. Found: C, 63.82; H, 5.61; N, 9.16.
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Example S7

f4-(3-PvridVlmethvlamino^2.phenv<hfln
yftYnhQmoserine lactnnp

Example 57A

4-AminQ-2-phenvlbenzoic acid hyrimrhinp^P

4-Nitro-2-phenylbenzoic acid (10.5 g, 43.2 mmol) and tin (II) chloride dihydrate

(34.1 g, 0.15 mol) were combined and refluxed in 250 mL ethyl acetate for 1 hour. An
equal volume of water was added followed by solid NaHC03 to pH 8. The mixture was
extracted with ethyl acetate. The combined ethyl acetate extracts were washed with

brine and concentrated to a thick oil. The oil was diluted with ether and excess

anhydrous HCI was added. The resulting precipitate was collected and dried to provide

4-Amino-2-phenylbenzoic acid hydrochloride (3.2 g). MS m/e 214 (M+H)+. 1 H NMR
(de-DMSO, 300 MHz) 5 6.65 (d, J= 3 Hz.lH), 6.79 (m, 1 H), 7.20-7.72 (m. 6H).

Example 57B

4-(3'Pvridvlmethvlamino).2.phenvlben7oin acid acetic acid salt

3-Pyridinecarboxaldehyde (1.2 mL, 12.8 mmol) and 4-amino-2-phenylbenzoic acid

hydrochloride (3.2 g, 12.8 mmol), prepared in Example 57A, were dissolved in 100 mL 1

% acetic acid in methanol. After stirring for 10 minutes, NaBH3CN was added, and
stirring was continued for 1 8 hours. The reaction was evaporated to dryness under

reduced pressure and partitioned between ethyl acetate and water. The aqueous phase
was extracted with ethyl acetate. The organic extracts were combined, washed with

brine, and dried over Na2S04 to give 4-(3-Pyridylmethylamino)-2-phenylbenzoic acid

acetic acid salt (4.35 g, 90 %) of the title compound. MS m/e 305 (M+H)+. 1 H NMR (de-

DMSO, 300 MHz) 5 4.41 (s, 2H), 6.45 (d, J=3 Hz. 1H), 6.60 (m. 1H). 7.15-7.90 (m. 10H).

8.48 (m, 1H),8.60(m. 1H).

Example B7C

f4-f3-PvridvlmethvlaminoW2-Phenvlbenzovnhomoserine lactone

4-(3-Pyndylmethylamino)-2-phenylbenzoic acid acetic acid salt (0.20 g. 0.55

mmol), prepared as in Example 57B, and L-homoserine lactone (0.19 g, 1.37 mmol). 1-
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(3-dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (0.27 g, 1.43 mmol), and 3-

hydroxyl .2,3-benzotriazin-4(3H)-one (0.25 g, 1.65 mmol) were combined in 10 mL DMF.
Triethylamine (1 .65 mmol) was added, and the reaction was stirred overnight at room
temperature. The reaction mixture was diluted with HCI (1 M, 10 mL) and extracted with
ethyl acetate. Solid NaHC03 was added to pH 8. The aqueous was extraced with ethyl
acetate. The combined extracts were washed with brine and dried over Na2S04 . Flash
chromatography (2 % Methanol in ethyl acetate to 4 % Methanol in ethyl acetate)
provided [4-(3-pyridylmethylamino)-2-phenylbenzoyl]homoserine lactone (140 mg) MS
m/e436 (M+H)* 'H NMR (CDCI3 , 300 MHz) 8 1.73 (m, 2H). 2.65 (m, 2H). 4.1-4.5 (m.
2H), 5.52 (m, 1H), 6.51 (d, J=3 Hz. 1H), 6.65 (m, 1H), 7.25-7.44 (m, 8H), 7.49 (m 2H)
8.56 (m, 1 H), 8.63 (d, J= 3 Hz. 1 H).

OH

Example 5B

Lithium 4-(3-Dvridvlmethvlamino^2-phenylhflnzovl-L-homn
j??rjn^o

[4-(3-Pyridylmethylamino)-2-phenylbenzoy!]homoserine lactone (55 mg, 0.14
mmol). prepared as in Example 57. was dissolved in 1 mL of methanol and treated with
aqueous 1 .0 M LiOH (0.1 5 mmol). After 18 hours at ambient temperature, the mixture
was evaporated to provide the title compound in quantitative yield. 1H NMR (d6-DMSO,
300 MHz) 6 1.43 (m. 1H), 1.60 (m. 1H). 3.59 (m. 1H). 4.1 (m. 1H). 4.38 (m. 2H). 6.33 (m.
1H). 6.6 (m. 2H), 6.83 (m, 1H), 7.22-7.38 (m. 8H). 7.74 (m. 2H), 8.45 (m, 1H). 8.59 (d J=
3 Hz. 1H).
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SCH3

Exampla SO

f4W3.Dvridvlmethvlamino).2.phanylhfln2ov»methionine

Example 59A

(4-Nitro-2-Phenvlbenzovnmethioninft methyl ester

4-Nitro-2-phenylbenzoic acid (50.0 g, 205 mmol) and 3-hydroxy1 ,2,3-benzotriazin-

4(3H)-one (36.89 g, 226 mmol) were dissolved in 500 mL DMF. 1 -(3-

dimethylaminopropyl)-3-ethylcarbodiimide hydrochloride (47.3 g, 247 mmol) and
methionine methyl ester hydrochloride (53.37 g, 267 mmol) were added followed by

triethylamine (31 .5 mL, 226 mmol). Additional triethylamine was added to raise the pH to

6-7. After 1 hour at ambient temperature, the reaction mixture was concentrated to 200
mL, diluted with 500 mL ethyl acetate, washed with 1 M HCI, 5 % NaHC03. and brine,

and dried over Na2S04 to provide (4-nitro-2-phenylbenzoyl)methionine methyl ester

which was used directly without further purification. MS m/e 389 (M+H)+. 1 H NMR
(COCI3 , 300 MHz) 8 1.78 (m, 2H), 2.01 (s, 3H), 2

:60 (m. 2H), 3.69 (s, 3H), 4.69 (m, 1H),

6.02 (d, J= 8 Hz. 1 H). 7.48 (m, 5H), 7.85 (m, 1H), 8.27 (m, 2H).

Example 59B

(4-AminQ-2-PhePVlbenzovl)methionine methvl ester hydrochloride

Tin(ll) dichloride dihydrate M57 g. 696 mmol) was added to a solution of (4-nitro-

2-phenylbenzoyl)methionine methyl ester (67.9 g, 175 mmol) in 500 mL ethyl acetate and
the reaction mixture was heated at reflux for 1 hour. The reaction mixture was cooled to

ambient temperature and stirring was continuted for 18 hours. The reaction mixture was
concentrated to 200 mL. and 500 mL H2O was added. Solid NaHC03 was added to pH
8 before extracting with ethyl acetate. The ethyl acetate extract were washed with 5 %
NaHC03 and brine, dried over Na2S04, and concentrated. The residue was dissolved in

ether with a minimum of ethyl acetate added to keep the material in solution and treated

with anhydrous HCI. The solid was collected and washed with ether to provide (4-amino-

2-phenylbenzoyl)methionine methyl ester hydrochloride in 83 % yield. MS m/e 359
(M+H)-. 1 H NMR (de-DMSO. 300 MHz) 6 1 .83 (m, 2H), 1 .99 (s. 3H). 2.23 (m. 2H). 3.63

(s. 3H). 4.33 (m, 1H). 7.03 (m. 2H). 7.35 (m. 6H), 7.48 (d. J=8 Hz. 1H).



WO 97/17070
PCT/US96/17092

122

Example MC
(

[4-(3-PvrijylmftthYhmin0)-2.phpnvlhen7QVl1mftfhinninOm^
Y|^

(4-Am.no-2-phenylben2oyl)methionine methyl ester hydrochloride (5 0 q 12 7
mmol). prepared as in Example 59B, and 3-pyridinecarboxaldehyde (1.25 mL 13 3mmo.) were disserved in 100 mL 1 % acetic acid in methanol. After 10 minutes, sodium
cyanoborohydride (0.95 g, 15.9 mmo.) was added. After stirring at room temperature 18
hours, the reaction mixture was evaporated and partitioned between 5 % NaHC03 ande hy. acetate. The organic layer was washed with 5 % NaHC03 and brine, dried overNa2S04

.
and evaporated to provide [4-(3-pyridylmethylamino)-2-

phenylbenzoyljmethionine methyl ester which was used without further purification MSm/e450(M+H)+. iHNMR (CDCI3 . 300 MHz, 5 1 .65 (m. 2H>. 1 .87 (m.

~
s 3H)

3.63 (s. 4H), 4.42 (s. 2H), 4.61 (m. 1H). 5.69 (d, J-7 Hz. 1H), 6.50 (d. J=3 Hz. 1H)' 6 63
(m, 1H), 7.45 (m. 6H), 7.68 (m. 2H), 8.55 (m, 1H), 8.62 (d. J=3 Hz, 1H).

Example san

f4-f3-PyridY'm9thvlamino»?-nhenvlben7nyi)ma!hinn jpa
Excess LiOH (3 M) was added to a solution in methanol of [4-(3-

pyndylmethylamino)-2-phenylbenzoyl]methionine methyl ester (5.69 g 12 7 mmol)
prepared as in Example 59C and the reaction mixture was stirred at ambient temperature
for 72 hours. The reaction mixture was concentrated and partitioned between ether and
water. The aqueous layer was washed with ether, acidified to pH 4-5 with HCI and
extracted with ethyl acetate. The combined ethyl acetate extracts were washed with
bnne and dried over Na2S04 to give the title compound in 98 % yield. MS m/e 436
(M+H)+. i H NMR (de-DMSO. 300 MHz) 5 1.91 (m. 2H), 1.99 (s. 3H), 2.22 (m, 2H). 3 36

H
s

; Ii
4

;

1

1

(m> 1H)> 440 (s< 2H)
- 657 (m - 2H) - 675 (bs

-
1H>- 73 «h). 7.79 (m.1H). 7.99 (m. 1H). 8.46 (m. 1H). 8.30 (d. J=3 Hz. 1H), 12.48 (bs, 1H).
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0 S
SCH3

Examples fi0-fi9

Example 60

[4-f3-PYri^vlm9thvlamino)-2-phenvlbenzoyi|methionjnft isogmY|
ggjaj

(4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine (200 mg, 0.46 mmol),
prepared as in Example 59. carbonyldiirnidazole (74 mg, 0.46 mmol). and isoamyl
alcohol (40 mg. 0.46 mmol) were combined in 10 mL THF. After 2 hours at room
temperature, sodium ethoxide (2.68 M in ethanol, 0.02 mmol) was added. After an
additional 18 hours, the mixture was evaporated to dryness, partitioned between ethyl
acetate and water, washed with water and brine, dried over Na2S04, and
chromatographed (Ethyl acetate) to give [4.(3-pyridylmethylamino)-2-phenylbenzoyl-L-
methionine isoamyl ester (90 mg). MS m/e 506 (M+H)+. 1 H NMR (CDCI3 , 300 MHz) 5

0.90 (d, J=7 Hz, 6H). 1.48 (m. 2H), 1.64 (m. 4H). 1.88 (m. 1H), 2.01 (s. 3H), 2.1 1 (t. J=7
Hz. 2H), 4.08 (m, 2H). 4.42 (s, 2H). 4.60 (m, 1 H). 5.87 (d. J= 8 Hz. 1 H), 6.51 (d. Js 3 Hz.
1H). 6.63 (m, 1H). 7.28-7.44 (m, 5H). 7.68 (m, 2H), 8.55 (m. 1H). 8.63 (s, 1H).

Example fi1

[4-(3-PVrmvlmft1hVlamin0)'2-Dhenvlben7ovl1methinninfl 1 .adamantyl*thY | f
The desired compound was prepared according to the method of Example 60.

except substituting 2-adamantaneethanol for isoamyl alcohol. MS m/e 598 (M+H)+ 1

H

NMR (CDCI3. 300 MHz) 6 1.6 (m. 17H). 1.94 (m. 2H), 2.01 (s, 3H). 2.10 (m. 2H). 4.09
(m, 2H). 4.40 (m. 2H), 4.59 (m, 1H), 5.72 (d. J=7 Hz, 1H), 6.51 (d, J=3 Hz. 1H). 6.63 (m.
1H), 7.3 (m. 8H), 7.68 (m. 1H), 8.60 (m, 2H).

Example 62

f4-(3-pyridVlmethvlamino)-2-phenvlben7Qyllmethionine gCjyJ g^gr
The desired compound was prepared according to the method of Example 60.

except substituting octanol for isoamyl alcohol. MS m/e 548 (M+H)+. 1 H NMR (CDCI3,
300 MHz) 5 0.88 (t, J=7 Hz. 3H). 1.28 (m. 10H), 1.6 (m. 2H), 2.01 (s, 3H), 2.10 (m, 2H).
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4.02 (m. 2H). 4.4 (m. 2H). 4.61 (m, 1H). 5.71 (d. J=7 Hz. 1H), 6.50 (d. J=3 Hz. 1H) 6 63
(m. 1 H). 7.39 (m. 9H). 7.68 (m. 2H). 8.55 (m. 1 H). 8.63 (m, 1 H).

SCH3

Example

Examplfl fig

[4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (80 mg. 0 18
mmol), prepared as in Example 59C. was dissolved in methanol (5 mL). cooled to 0 «C
and the solution was saturated with anhydrous ammonia. The reaction was sealed for 72
hours at ambient temperature. Evaporation to dryness afforded [4-(3-

pyridylmethylamino)-2-phenylbenzoyl]methionineamide (78 mg). MS m/e 435 (M+H)+
1 H NMR (CDCI3, 300 MHz) 5 1.59 (m. 2H), 1.83 (m, 2H). 2.02 (s. 3H). 4.43 (s, 2H) 4 51
(m. 1H). 5.16 (s, 1H), 5.64 (m. 1H), 6.14 (m. 1H). 6.50 (d. J=3 Hz. 1H). 6.63 (m 1H)
7.38 (m, 7H), 7.66 (m. 2H), 8.55 (m. 1 H). 8.62 (m, 1 H).

ExamptA 64
f4-f3-PvridvlmethvlaminQug.nhan

V
ipen7QViwhi»n inern6thviami^o

[4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (370 mg 0 82
mmol). prepared as in Example 59C. was dissolved in THF (5 mL) and saturated with
anhydrous methylamlne. The reaction was sealed and heated at 75 °C for 24 hours
The reaciton mixture was evaporated to dryness and chromatographed (5 % methanol-
ethyl acetate) to give

[4-(3-pyridylmethylamjno)-2-phenylbenzoyl]methioninemethylamide
(111 mg). MS m/e 449 (M+H)+. 1 H NMR (CDCI3, 300 MHz) 8 1 .80 (m. 2H) 2 02 (s
3H). 2.12 (m. 2H). 2.70 (d. J=5 Hz. 3H). 4.45 (m. 3H). 5.65 (d. J=8 Hz. 1H). 6.10 (m
1H). 6.50 (d. J«3 Hz, 1H). 6.63 (m. 1H). 7.38 (m, 7H). 7.66 (m. 2H). 8.59 (m. 2H)
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Example 65

f4.(3-PVridvlmethvlamino^2.phenvlben7Qvl|methioninedirnethv lami^
fi

(4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (340 mg, 0.76
mmol), prepared as in Example 59C, was dissolved in THF (5 mL) and saturated with

anhydrous dimethylamine. The reaction was sealed and heated at 60 °C for 72 hours.

The reaciton mixture was evaporated to dryness and chromatographed (5 % methanol-

ethyl acetate) to give [*-(3-pyridylmethylamino)-2-

phenylbenzoyljmethioninedimethylamide (40 mg). MS m/e 463 (M+H)+. 1 H NMR
(CDCI3 , 300 MHz) 8 1.71 (m, 2H), 2.05 (s, 3H), 2.21 (m. 2H), 2.67 (s. 3H), 3.06 (s, 3H).

4.11 (m. 1H), 4.43 (s. 2H), 5.02 (m, 1H), 6.01 (d, J=8 Hz, 1H), 6.50 (d, J=3 Hz. 1H),

6.61 (m, 1H), 7.38 (m, 7H), 7.59 (d, J=9 Hz, 1H), 7.72 (d, J=9 Hz, 1H), 8.63 (bs, 1H).

Examples 66-67

Example 66

f4-(3-pvridvlcarbonvlaminoW2.phenvtben?pyl)methionine methyl ester

Nicotinic acid (345mg, 2.8 mmol) was suspended in 10 mL of dichloromethane

and oxalyl chloride (2.8 mL of a 2.0 M soln in methylene chloride) was added by syringe

followed by one drop of DMF. The reaction mixture was stirred at 25 °C for 2 hours and
then was evaporated and azeotroped with toluene. The resulting acid chloride was then

dissolved in dichloromethane and a solution of (4-amino-2-phenylbenzoyl)methionine

methyl ester (669mg, 1 .87 mmol), prepared as in Example 59B, in 5 mL of

dichloromethane was added followed by 4 mL of saturated aqeuous NaHC03 and the

reaction was stirred at 25 °C for 3 hours. The layers were separated and the organic

layer was dried over Na2S04 . filtered and evaporated to give 830mg (96%) of (4-(3-

pyridylcarbonylamino)-2-phenylbenzoyl)methionine methyl ester as an oil.
1H NMR (300

mHz. CDCI3) 89.2 (d, 1H), 8.76 (d, 1H), 8.42 (bs, 1H), 8.2 (dt, 1H), 7.72- 7.65 (m, 2H).

7.6 (dd. 1H), 7.45 - 7.35 (m, 5H), 6.02 (bd, 1H), 4.65 (dq, 1H), 3.68 (s, 3H), 2.20 (t. 2H).

2.01 (s, 3H). 1.98- 1.88 (m, 1H), 1.80- 1.78 (m, 1H). CIMS 464 (M+H)+.
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Example 67

f4-(3-Pvriclvlcarbonvlamino)-2-DhenvlbflnyrlYi|methioninfl hydrochioridp

(4-(3-pyridylcart)onylamino)-2-phenylbenzoyl]methionine methyl ester (830mg,
1 .79 mmol). prepared as in Example 66. was dissolved in 8 mL THF and cooled to 0 °C.
LiOH monohydrate (226mg, 5.38 mmol) was added followed by 2 mL of H20. The
reaction was complete in 2 hours. The solvents were evaporated and the residue was
acidified to pH = 3 with 1 N HCI. The resulting precipitate was taken up in ethyl acetate
and the solution was washed with water, dried over Na2S04 and evaporated. The
residue was crystallized from hot ethanol to give 281mg (32%) of [4-(3-

pyridylcarbonylamino)-2- phenylbenzoylmethionine hydrochloride as a white crystalline
solid. NMR (300 mHz. CD3OD) 59.4 (d. 1H), 9.1 (d. 1H). 9.0 (d. 1H), 8.2 (dd, 1H),

7.85-7.80 (m, 2H), 7.58 (dd. 1H). 7.45 • 7.32 (m. 5H). 4.52 • 4.45 (m, 1 H). 2.20 - 2.02 (m,
2H). 2.00 (s. 3H1.90- 1.80 (m. 2H). 1.15 (t. 1H). CIMS 450 (M+H)+.

Example 6B

r4-(3-DVridvlmethvlamino^2-phenvlbfln7nyilmethioninft methyl oa^ r

(4-Amino-2-phenylbenzoyl)methionine methyl ester (1.15g, 3.21 mmol). prepared
as in Example 59B, and 3-pyridine carboxaldehyde (361 mg, 3.37 mmol) were combined
in 15 mL methanol and sodium cyanoborohydride (302 mg, 4.81 mmol) was added
followed by crushed molecular sieves. The reaction was adjusted to pH = 6 with acetic
acid and stirred at 25 °C for 3 hours. The reaction was concentrated and transferred
directly to a column of silica gel and purified by flash chromatography (5%methanol-ethyl
acetate) to give [4-(3-pyridylmethylamino)-2-phenylbenzoyl]methionine methyl ester (1.38

g, 95%) as an oil that solidified after standing.
1H NMR (300 mHz, CDCI3 ) 58.6 (d, 1H).

8.52 (dd. 1H), 7.72 - 7.65 (m, 2H), 7.45 - 7.30 (m, 6H), 6.62 (dd. 1H), 6.48 (d, 1H). 5.72
(bd. 1H). 4.64 (dq, 1H). 4.42 (bs. 2H), 3.64 (s, 3H), 2.25 - 2.05 (m, 3H), 2.00 (s, 3H). 1.95
- 1.80 (m, 1H), 1.72 - 1.60 (m, 1H); CIMS MHT 450.
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Example 69

f4-(3-PYriClYlcart?9nYlamipo)~2-Phenvlben70vl1-2.amino.4.(methVlsulfonynbutanoir acjd

Example 6QA

f4»f3-PYntiYlcart?QPYlamino)-2-Phenvlbenyovl].2.aminQ^Wm9thvlfiultenVnhMtan^ir^
methvl ester

{4-Amino-2-phenylbenzoyl)methionine methyl ester (46 mg, 0.0.092 mmol),
prepared as in Example 68, was protected as the HCI pyridinium salt and was dissolved
in 5 mL of CH2CI2 ,

cooled to -78 °C and treated with a solution of m-chloroperbenzoic
acid (44mg

( 0.184 mmol) in 2 mL of CH2CI2 and warmed to 0 °C. After 0.5 hours, the

reaction was quenched with dimethyl sulfide and evaporated. Purification by flash

chromatography (5% methanol-ethyl acetate) gave (4-(3-pyridylcarbonylamino)-2-

phenylbenzoyl]-2-amino-4-(methylsulfonyl)butanoic acid methyl ester (43 mg. 88%) as a
white solid.

Example S3B
[4-(3.Pyridvlcarb0nvlaminQ)-2-Phenvlben7Ovll.2.amin(v4-fmethvlsulfonvnbutanQicacid

The [4-(3-pyridylcarbonylamino)-2-phenylbenzoyl]-2-amino-4-

(methylsulfonyl)butanoic acid methyl ester prepared in Example 69A (43mg, 0.081 mmol)
was dissolved in 3 mL of THF and a solution of LiOH monohydrate was in 1 mL of H20
was added. The reaction mixture was stirred at 25 °C for 1hour and then was
evaporated. Formic acid (1 mL) was added to acidify to pH = 3. The reaction was then
evaporated once again and 1 mL of H20 was added along with 5 mL of ethyl acetate to

dissolve the mixture. The ethyl acetate layer was dried over Na2S04 . filtered and
evaporated and the residue was lyophilized from acetonitrile-H20 to give [4-(3-

pyridylcarbonylamino)-2-phenylbenzoyl]-2-amino-4-(methylsulfonyl)butanoicacid (36mg,
88%) as a white solid.

1

H NMR (300 mHz, CDjOD) 59.12 (d, 1H), 8.70 (d, 1H), 8.42 (dt.

1H), 7.85 • 7.80 (m. 2H), 7.65 • 7.40 (m, 8H), 4.50 (m. 1H), 2.90 (s, 3H). 2.88 - 2.80 (m.

1H), 2.70 - 2.58 (m, 1H), 2.35 - 2.20 (m, 1H), 2.10 - 1.95 (m, 1H). HRMS calcd

C24H23N3S06 MHT 482.1386. found 482.1373.
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Examples 7D.79

Example 70

f4-(3-Pvridvloxvmftthvn.p.r2.mBthVinh0nVl»Tftn^Y,1rrr
,
hi

..
nine mathy

,
B^ar

Example 7QA,

2-(trilUPromethanftSUlf0nvlQXVM-methVlben7nir methyl
To a -10 °C solution of 4-methylsalicylic acid methyl ester (22.46g, 0.135 mol) in

100 mL of pyridine was added triflic anhydride (45.8g, 0.162 mol) dropwise by addition
funnel while keeping the temperature below 0 °C. The reaction mixture was then
warmed to ambient temperature and after 12 hours was poured over a mixture of 100 mL
cone. HCI / 300g ice in a large erylenmeyer flask. After the ice melted, the mixture was
transferred to a separatory funnel and the aqueous layer was extracted with ethyl acetate
(3x100 mL). The ethyl acetate layers were combined and washed with 1 N HCI, then
sat'd aqueous NaHC03, then brine and then filtered and evaporated to give 35.66g
(88%) of 2-(triluoromethanesulfonyloxy)-4-methylbenzoic acid methyl ester as a yellow
oil.

Example 70R

2-(triflU0rPmmhflnftSMlf0nvl0XV)-4-hromOmethylhpn^jc acid methyl o
ffta r

To a stirred solution of 2-(trifluoromethanesulfonyloxy)-4-methylbenzoic acid
methyl ester (19.6g, 65.8 mmol). prepared as in Example 70A. in 250 mL CCI4 was
added N-bromosuccinimide (12.29g, 69.1 mmol) followed by 2,2'-azobisisobutyronitrile
(108 mg, 0.658 mmol) and the reaction was heated to reflux. After 16 hours, the reaction
was evaporated and the residue was purified by flash chromatography over silica gel
(10% ethyl acetate-hexanes) to give 19.9 g (80%) of 2-(trifluoromethanesulfonyloxy)-4-
bromomethylbenzoic acid methyl ester as a yellow oil.
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Example 70r:

4-(3-pvridvlQXvmethvn-2-(trifluoromethanasnlfm |
oxv^ben7oic acid methvl ester

A solution of 2-(trifluoromethanesulfonyloxyM-bromomethylbenzoic acid methyl
ester (2.97 g. 7.87 mmol), prepared as in Example 70B, in 20 mL of CH2CI2 was
combined with a solution of the potassium alkoxide of 3-OH pyridine (1 .57g, 1 1 .8 mmol)
in 20 mL of H20. Tetrabutylammonium bromide (3.80g, 1 1 .8 mmol) was added and the

reaction was stirred vigorously at 25 °C for 1.5 hours. The reaction was poured into a
separatory funnel and the layers were separated. The aqueous layer was washed with

CH2CI2 (2x50 mL) and the CHaCfe layer was washed twice with water. The organic

layers were combined and dried over Na2S04 , filtered and evaporated to an oil and
purifed by flash chromatography over silica gel to give 4-(3-pyridyloxymethyl)-2-

(triluoromethanesulfonyloxy)benzoic acid methyl ester (861 mg, 28%) as a light brown
oil.

Example. 7pp

4-(3'PVridvlOXVmethvl)-2>(2-methvlDhenVl\hfln7nic acid methvl aster

To a solution of 4.(3-pyridyloxymethyl)-2-(trifluoromethanesulfonyloxy)benzoic

acid methyl ester (216mg, 0.55 mmol), prepared as in Example 70C, in 4 mL of DMF at

25 °C was added PdCI2(PPh3)2 (38mg, 0.055 mmol, 10 mol%) followed by 2-tolyl boronic

acid (1 13mg, 0.83 mmol) and Cs2CQ} (270mg, 0.83 mmol) and the reaction was heated
to 80 °C for 1 2 hours. The reaction was then cooled to ambient temperature, taken up in

50 mL ethyl acetate, and washed with H20 (5 x 10 mL). The organic phase was dried

over Na2S04 . filtered and evaporated to an oil. Purification by radial chromatography
using a gradient of 25% ethyl acetate-hexanes to 75% ethyl acetate-hexanes gave 4-(3-

pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester (178 mg, 97%) as an oil.

Example 70P

4W3-PvridvlQxvmflthYH.2./3.mflthy|ppenvnben20ie acid

The 4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid methyl ester prepared
in Example 70D (160 mg, 0.48 mmol) was dissolved in 5 mL of methanol and 1 mL of

saturated aqueous LiOH was added. The reaction was heated to reflux for 1hour. The
reaction was then evaporated and 1 mL of formic acid was added to acidify the crude
product to pH =3. The reaction was evaporated again to remove formic acid and 5 mL of

ethyl acetate and 1 mL of H 20 were added to completely solubilize the reaction mixture.

The aqueous layer was extracted with ethyl acetate (3x5 mL) and all the ethyl acetate

layers were combined and dried over Na2S04, filtered and evaporated to give 4-(3-

pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid (131 mg. 86%) as an oil.
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Example 7flF

f4-(3-DvridvlQXVmethvn-2-f2.methVlnhQnVhbenyQyl]mi»thiQninfl mgthy)^
The 4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid prepared in Example

70E (1 53mg, 0.48 mmol) was dissolved in 2 mL of DMF and 3-hydroxy1 ,2.3-

benzotriazin-4(3H)-one (39mg, 0.24 mmol) was added followed by methionine methyl
ester HCI (48mg, 0.24 mmol), (3-dimethylaminopropyl)-3-ethylcaroodiimide hydrochloride
(46mg, 0.24 mmol) and triethylamine (0.03mL, 0.32 mmol) and the reaction mixture was
stirred for 16 hours at 25 °C. The reaction mixture was taken up in ethyl acetate and
washed three times with water and three times with brine. The ethyl acetate layer was
dried over Na2S04 , filtered and evaporated to an oil. Purification by radial

chromatography (2-8 %methanol-chloroform gradient with 0.25% NH4OH) gave 4-(3-

pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine methyl ester (72mg, 32%) as an
oil.

Example 70fi

f4-f3-PYridvtoxvmethvi)-2-f2-methviphenvnben7oVi]m <>thi
<7njn

<,

The (4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine methyl ester
prepared in Example 70F (72mg, 0.15 mmol) was dissolved in 3 mL of THF and 1 mL of
saturated aqueous LiOH was added. The reaction mixture was stirred at room
temperature for 1 hour. The reaction was thoroughly evaporated and formic acid was
added until pH = 3 was obtained at which time the reaction was evaporated to dryness
and 10 mL of ethyl acetate was added followed by a minimum quantity of H20 (-1 mL) to

completely solubilize the free acid and the water soluble salts, respectively. The layers
were separated and the aqueous layer was extracted with ethyl acetate (3x5 mL). The
ethyl acetate layers were combined, dried over Na2S04 , filtered and evaporated to give
58mg (84%) of [4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoyllmethionine as an
amorphous solid. 'H NMR (300 mHz, CD3OD) 58.30 (d, 1H), 8.15 (dd, 1H), 7.68 (bd,

1 H), 7.58 - 7.48 (m. 2H), 7.40 - 7.30 (m. 2H), 7.26 - 7.16 (m, 4H), 5.25 (s, 2H), 4.50 -

4.40 (m, 1 H), 2.20 - 2.02 (m, 5H). 2.00 (s, 3H), 2.00 - 1 .90 (m, 1 H), 1 .80 - 1 .68 (m 1 H)
CIMS MHT 451.

Example 71

f4-(3-pyrlQlvtoxvmethvn-2-f3-methvlDhenvl^flnzoVl1mPthinnino

The desired compound was prepared according to the method of Example 70,
except substituting 3-methylphenyl boronic acid for 2-methylphenyl boronic acid. 'H
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NMR (300 mHz. CD3OD) 68.30 (d, 1H), 8.15 (d, 1H), 7.68 • 7.48 (m. 6H), 7.40 • 7.16

(m. 4H). 5.25 (s. 2H), 4.50 - 4.40 (m. 1H), 2.40 (s, 3H). 2.18 • 1.75 (m. 7H); CIMS MH*

451.

example 72

f4W3.DvridvlQxvme1hvl^2»f4.mathvtphenynbfln20vnmethionin8

The desired compound was prepared according to the method of Example 70,

except substituting 4-methylphenyl boronic acid for 2-methylphenyl boronic acid.
1

H

10 NMR (300 mHz, CD3OD) 6 8.30 (d, 1 H), 8.1 5 (d, 1 H), 7.58 - 7.44 (m. 4H), 7.40 - 7.28

(m, 3H), 7.24 - 7.10 (m, 3H). 5.25 (s, 2H), 4.42 (dd, 1 H). 2.10-1 .90 (m, 6H). 1 .84 - 1 .70

(m. 1H). CIMS MH* 451.

15
SM*

Examples 73-75

Example 73

fA.f^.nvridvloyvmethVl1-g-f2.methQXVDhflnv»benZ0Vl1methiQnine

20 The desired compound was prepared according to the method of Example 70,

except substituting 2-methoxyphenyl boronic acid for 2-methylphenyl boronic acid. H

NMR (300 mHz. CD3OD) 58.30 (d, 1H), 8.15 (d, 1H), 7.68 (bd, 1H), 7.54 - 7.50 (m. 2H),

7.38 - 7.32 (m, 3H), 7.22 (dd, 1H), 7.04 - 6.98 (m, 2H). 5.25 (s, 2H), 4.42 (dd, 1H), 3.74

(S, 3H), 2.16 - 2.08 (m, 2H). 2.00 (s. 3H), 1.98 - 1.86 (m, 1H). 1.78 - 1.64 (m, 1H). CIMS

25 MH* 467.

Example 74

(4.f3.pvridvlQxvmethvn.9.^.m6thoxvphenvl^b6nzQvl1methionine

30 The desired compound was prepared according to the method of Example 70,

except substituting 3-methoxyphenyl boronic acid for 2-methylphenyl boronic acid. H

NMR (300 mHz. CD3OD) 68.34 (s, 1H), 8.15 (d, 1H). 7.60 - 7.54 (m, 4H), 7.38 - 7.24
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(m. 3H), 7.02 - 6.90 (m, 3H), 5.25 (s, 2H), 4.44 (dd. 1H), 3.82 (s, 3H), 2.18 •
1 90 (m em1-92- 1.82 (m. 1H);CIMSMH* 467.
1-90 (m. 6H),

Examnlfl J$

The des,red compound was prepared according to the method of Example 70

C02R 15

ExamnlBs 7^.77

SCH3

Example 7$

Example

2-Ph9nYH-nitrohen7oic arid n^y)^
acW (27TZ"^*T*"?**"™* (44 2 * 205™»* Phenylboronic

Slnh.!, f ^ Ca*°nale (2-° M in water
' 123 246 mmoll. anaM.nphen»,phoSph,ne) panadiumdl) chlorida (2.8 3. 4 mmo(, in dioxana (300 mL) was*^»«">y ndrogan, and hea.ed at 90-95 -C (or 20 hours. Tha reactton rnbrlreZ

I
ha
k

reS^Ue Was «»V*tod (rom haxane^thy! aetata (1/1) ,o c*e 2.

the rectystataatton waa concantratad m Ktcuo. and tha residua was puriflad by columnchromataoc-raphy ,80:15:5 haxana-chloco.omva.hyl aetata, to yie,d an addila 5Tg
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of the desired compound (total yield 48.5 g, 92%). 1H NMR (300 MHz. CDCI3) 5 8.25 (d.

1 H). 8.24 (dd, 1 H), 7.94 (dd, 1 H), 7.44 (m, 3H), 7.35 (m. 2H), 3.67 (s. 3 H).

Example Z6B
2»Phenvl-4-aminoben?oic aciri methvl ester

A mixture of the 2-phenyl-4-nitrobenzoic acid methyl ester prepared in Example
77A (48.4 g, 188 mmol), palladium (10%) on carbon (2.1 g), and ammonium formate
(59.4 g, 941 mmol) in methanol (500 mL) was refluxed for 3 hours. The solvent was
removed in vacuo, and the residue was desolved in a miminum amount of hot methanol
(about 30 mL). To this solution was added chloroform and ether (1/1 ratio, 400 mL). and
the mixture was filtered through a plug of silica gel (80 g) and rinsed with chloroform.
The filtrate was concentrated in vacuo to give pure 2-phenyl-4-aminobenzoic acid methyl
ester (42.4 g. 99%). 1H NMR (300 MHz. CDCI3) 67.80 (d. 1H). 7.40-7.25 (m. 5H). 6.65
(dd. 1H). 6.57 (d. 1H). 3.60 (s3H).

Example 76C

4-iQdO-2-Dhenvlbenzoic acid methyl Astor

To a 0 °C suspension of the 2-phenyl-4-aminobenzoic acid methyl ester prepared
in Example 76B (4.54 g. 20 mmol) in 6.0 N HCI (20 mL) and acetone (10 mL) was added
dropwise a solution of sodium nitrite (1 .66 g. 24 mmol) in a minimum amount of water.
After 30 minutes, potassium iodide (6.64 g, 40 mmol) in a minimum amount of water was
added dropwise to the reaction mixture. The internal temperature of the reaction mixture
was maintained under 5 °C for both additions. The reaction mixture was then stirred at

ambient temperature for one hour. The reaction mixture was diluted with ether (200 mL).
washed with water, sodium bisulfite (10% aqueous solution), water and brine, dried over
anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue was
purified by column chromatography (8% ethyl acetate-hexane) to give 4-iodo-2-
phenylbenzoic acid methyl ester (3.98 g, 59%). 1H NMR (300 MHz. CDCI3) 5 7.77 (m.

2H), 7.55 (d, 1H). 7.38 (m. 3H). 7.27 (m. 2H), 3.63 (s, 3H). Ms (CI+): 356 (M+NH4 )+.

Example 7fiD

(4-iQdO-2-Phenvlbftn70vllmethinnine methvl ester

A mixture of the 4-iodo-2-phenylbenzoic acid methyl ester prepared in Example
76C (2.77 g, 8.20 mmol) in aqueous saturated lithium hydroxide (3 mL) and methanol (10
mL) was heated at 60 °C for 12 hours. The mixture was then acidified with concentrated
HCI to pH about 2, and extracted twice with ethyl acetate (50 mL each). The combine
extracts was washed with brine, dried over anhydrous magnesium sulfate, filtered, and
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concentrated in vacuo. The residue was suspended in dichioromethane (10 mL), and
oxalyl chloride (2.0 M in dichioromethane, 6.2 mL)was added, followed by a small drop of
DMF. The mixture was stirred at room temperature for 1 hour, and then was
concentrated in vacuo, followed by further drying under high vacuum for 10 minutes To
the residue was added dichioromethane (20 mL). L-methionine methyl ester
hydrochloride (1 .64 g. 8.05 mmol) and triethylamine (3.4 mL. 24.6 mmol). The reaction
m.xture was stirred at room temperature for 12 hours. The mixture was diluted with ether
(50 mL). filtered through silica gel (30 g). and concentrated in vacuo. The crude product
was punfied by column chromatography (40:40:20 hexane-chloroform-ether) to give (4-
iodo-2-phenylbenzoyl)methionine methyl ester (3.46 g. 90%). 1H NMR (300 MHz
CDCI3) 8 7.76 (m. 2H). 7.42 (m. 6H). 5.88 (br d. 1H). 4.65 (m, 1H). 3.68 (s. 3H). 2!o5 (m
2H). 2.00 (s. 3H). 1.90 (m. 1H). 1.73 (m. 1H).

Example 7fiF

3-Vinvlpvrirfinft

To a slurry of methyltriphenylphosphine chloride (18.0 g, 50.5 mmol) in THF (20
mL) was added slowly sodium bis(trimethylsilyl)amide (1.0 M solution in THF. 50 mL)
After the mixture was stirred at room temperature for 30 minutes, the reaction was cooled
to 0 °C, and 3-pyridinecarboxaldehyde (4.72 mL. 50.0 mmol) was added slowly to the
mixture. After 30 minutes, the reaction mixture was diluted with ether (100 mL) and
filtered through silica gel (100 g). rinsed with ether, and concentrated in vacuo The
resulting liquid was diluted with 1 :1 hexane-ether (50 mL). and was again filtered through
silica gel (50 g), rinsed with 70:30 ether-hexane and concentrated in vacuo to give3-
vmylpyridine (4.31 g. 82%). 'H NMR (300 MHz, CDCI3) 8 8.63 (d. 1H), 8.50 (dd. 1H)
7.74 (m, 1H). 7.26 (m, 1H), 6.71 (dd, 1H). 5.83 (d. 1H), 5.39 (d, 1H).

Example 7fiP

{^fS'fPYrid^-Ynqth^nvll-Z-PhenvlhftnzovnmPthinnine methvl Ast»r
A mixture of the (4-iodo-2-phenylbenzoyl)methionine methyl ester prepared in

Example 76D (655 mg, 1 .40 mmol). the vinylpyridine prepared in Example 76E (221 mg,
1 .5 mmol), triethylamine (0.29 mL. 2.10 mmol), (1

,1'-

bis(diphenylphosphino)ferrocene]palladium(ll) chloride, complexed to dichioromethane
(1:1) (1 14 mg. 0.14 mmol) in DMF (2 mL) was degassed with nitrogen, and heated at 100
°C for 14 hours. The reaction mixture was diluted with ether (100 mL). washed with
water and brine, dried over anhydrous magnesium sulfate, filtered, and concentrated in
vacuo. The residue was purified by column chromatography (ethyl acetate) to give (4-(2-

(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl ester (366 mg. 56%). ih NMR
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(300 MHz, CDCI3 ) 88.75 (d. 1H), 8.51 (dd, 1H), 7.85 (dt. 1H), 7.76 (d. 1H). 7.59 (dd, 1H),

7.48(dd. 1H). 7.44 (m. 5H), 7.31 (dd. lH),7.22(d, 1H),7.16(d. 1H). 5.94 (br d. 1H).

4.69 (m. 1H). 3.68 (s. 3H), 2.08 (m. 2H), 2.02 (s. 3H), 1.93 (m, 1H), 1.76 (m. 1H). MS
(APCI-) m/e 447 (M+H)+ .

Example 77

(4-r2-(Dvrid»3.v»6thenVll.2.PhenvlhenzQVl1methinnine sodium salt

To a solution of the {4-[2-(pyrid-3.yl)ethenyl]-2-phenylbenzoyl}methionine methyl
ester prepared in Example 76 (136 mg, 0.304 mmol) in methanol (2 mL) was added a
solution of sodium hydroxide (0.979 E 0.334 mL). After 14 hours, the solvent was
evaporated in vacuo to give {4-[2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl)methionine

sodium salt (141 mg. 100%). NMR (300 MHz, DMSO-d6) 5 8.90 (d. 1H), 8.46 (dd.

1H). 8.07 (dt. 1H), 7.64 (m, 2H). 7.50-7.35 (m. 10H). 3.78 (rh, 1H). 2.10 (m. 2H). 1.98 (s,

3H). 1 .76 (m. 2H). MS (APCI-) m/e 433 (M+H)+.

SCH3

Examples 7B-7Q

Example 78

(4-f2-(DVrid'3-vl)ethvn-2-Dhenvlben2oV»me«hinnine methvl ester

A mixture of the {4-[2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl)methionine methyl
ester prepared in Example 76 (160 mg, 0.36 mmol) and palladium (10%) on carbon (460
mg, 0.43 mmol of palladium) in methanol was flushed with hydrogen, and stirred under a
positive hydrogen pressure for 8 hours. The mixture was then filtered through Celite,

rinsed with ethyl acetate, and concentrated in vacuo. The residue was purified by
column chromatography (ethyl acetate) give (4-[2-(pyrid-3-yl)ethyl]-2-

phenylbenzoyl)methionine methyl ester (115 mg, 71%). ^H NMR (300 MHz. CDCI3) 5

8.45 (m. 2H). 7.64 (d. 1H). 7.40 (m, 7H). 7.22 (dd, 2H), 7.10 (d, 1H). 5.87 (brd. 1H). 4.68

(m. 1H). 3.67 (s. 3H). 2.99 (m. 4H). 2.08 (m. 2H). 2.02 (s. 3H). 1.93 (m. 1H). 1.76 (m.

1H). MS (APCI+) m/e 449 (M+H)*.
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Example 70

(4-f2-(PYrid-3-Yl)ethvn-2-nhftnvlben7Qyl)mftthionine sndi.,m gaj]
The desired compound was prepared by saponification of {4-[2-(pyrid-3-yl)ethVll-2-

phenylbenzoyl}methionine methyl ester, prepared as in Example 78 according to the
procedure of Example 77. 1 H NMR (300 MHz, DMSO-d6) 5 8.45 (d. 1H). 8.40 (dd 1H)
7.69 (dt, 1H), 7.40-7.20 (m. 9H), 7.07 (brd, 1H), 3.76 (m, 1H), 2.97 (s. 4H). 2.10 (m, 2H)
1 .96 (s, 3H), 1 .76 (m. 2H). MS (APCI+) m/e 435 (M+H)+ as the acid form

SCH3

Examples RQ.g^

Example fir)

^^dimgjhjd^^ m
Example 8QA

3-bromo-4.dimethy|flni inppyridinft

To a mixture of 4-dimethylaminopyridine (5.00 g, 41 mmol), potassium carbonate
(50 g .n 50 ml_ of water), tetrabutylammonium hydrogensulfate (1.4 g, 4.1 mmol) and
d.chloromethane (100 mL) was added a solution of bromine (4.2 ml_. 82 mmol) in
d.chloromethane (30 mL) via an addition funnel over 30 minutes. After 3 hours the
reaction mixture was diluted with ether (100 mL), washed with water and brine dried
over anhydrous sodium sulfate, filtered, and concentrated in vacuo. The residue was
then punfted by column chromatography (ethyl acetate) to give 3-bromo-4-
d.methylaminopyridine (4.89 g, 59%). 1 H NMR (300 MHz. CDCI3) 58 51 (s 1H) 8 27
(d. 1H), 6.79 (d,1H). 2.97 (s,6H).

'

Example flnq

a-VinvM-dimflthvlaminnnyririino

A mixture of the 3-bromo-4-dimethylaminopyridine prepared in Example 80A (1 29
g, 6.39 mmol) vinyltributyltin (2.23 g, 7.02 mmol), bis(triphenylphosphine)palladium(ll)
chlonde (224 mg, 0.32 mmol) in toluene (10 mL) was heated at 100 °C for 12 hours To
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the stirring reaction mixture at room temperature was added ether (30 mL), water (0.2

ml) and 1.8-diazabicyclo[5.4.0Jundec-7-ene (0.5 mL). The resulting mixture was filtered

through silica gel (15 g). rinsed with ethyl acetate, and concentrated in vacuo. The

residue was purified by column chromatography (50% ethyl acetate-hexanes, then ethyl

acetate) to give 3-vinyl-4-dimethylaminopyridine (1.1 1 g, contaminated with about 10

mol% of tributyltin derivatives). 1H NMR (300 MHz, CDCI3) 8 8.39 (s. 1H). 8.26 (d. 1H),

6.77 (dd, 1H), 6.70 (d, 1H), 5.65 (dd, 1H), 5.29 (dd, 1H), 2.87 (s. 6H).

Example 8QC

M.f2.r4.dimethvlaminopvrid.3.vnethenvn-2-phenvlbenzovnmethionine methyl ester

The desired compound was prepared according to the method of Example 76,

except substituting 3-vinyl-4-dimethylaminopyridine, prepared as in Example 80B, for 3-

vinylpyridine. 1 H NMR (300 MHz, CDCI3) 6 8.52 (br s, 1H), 8.30 (br d. 1H), 7.76 (d. 1H),

7.59 (dd. 1H), 7.47 (m, 6H), 7.22 (d, 1H), 7.03 (d, 1H). 6.78 (brd, 1H), 5.95 (brd, 1H),

4.69 (m, 1H), 3.67 (s, 3H), 2.92 (s. 6H), 2.10 (m, 2H), 2.02 (s, 3H), 1.93 (m, 1H), 1.76 (m,

1 H). MS (CI+) m/e 490 (M+H)*.

Example SOD

f4-r2W4-dimethvlaminopvrid.3»vnethenvl1-g-Phenvlben20vl)methionine sodium salt

The desired compound was prepared by saponification of {4-{2-(4-

dimethylaminopyrid-3-yl)ethenylJ-2-phenylbenzoyl}methionine methyl ester, prepared as

in Example 80C, according to the method of Example 77. 1 H NMR (300 MHz, DMSO-

d6 ) 5 8.42 (s 1H), 8.11 (d. 1H), 7.58 (d, 1H), 7.47-7.07 (m, 10H), 6.79 (d. 1H), 3.76 (m.

1 H), 2.97 (s, 6H), 2.02 (m. 2H), 1 .88 (s, 3H), 1 .68 (m. 2H). MS (APCI+) m/e 476 (M+H)+

as the acid form.

Example 81

f4-(2-f5-brQmopvrid-3-yl^thenvl1-2-phenvlbenzovHmethionine sodium salt

Example 81

A

3.v/invl.S.bromopvridine

The desired compound was prepared according to the method of Example 80B.

except substituting 3,5-dibromopyridine for 3-bromo-4-dimethylaminopyridine.
1 H NMR

(300 MHz, DMSO-d6) 5 8.56 (d, 1H), 8.53 (d, 1H), 7.87 (t, 1H), 6.64 (dd. 1H), 5.85 (d,

1H), 5.44 (d, 1H).
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Example

{4-f2-(5^r9mnpvrif1-^Yl)mhenvl)-?-nhflnvihPn2Qvnm^ irtpiWQ ^1jrnm
anH n

The d9S,red comP°u^ was prepared according to the method of Examples 80Cand D except substituting 3-vinyl-5-brornopyridine. prepared as in Example 215A for 3-
v.nyN4-d,methylaminopyridine. 1 H NMR (300 MHz, CDCI3) 8 8 8.79 (d, 1 H) 8 59 (d 1

H), 8.39 (br s, 1 H), 7.66-7.34 (m, 11 H), 3.78 (m, 1 H), 2.13 (m. 2 H). 1.98 (s. 3 H).
1'

77
(m. 2 H). MS (APCI +) m/e (

79Br) 51 1 (M+H)+ as the acid form

Example ftp

Example fl?
ft

S-vinvl-S-carhoxvmflthyipyrirjinft

The desired compound was prepared according to the method of Example 80B^'^9 m6thyl

3

-bromonicotinate for 3-brom^dimethylaminopyridine. iH
"

NMR 300 MHz, DMSO-d6) 8 9.09 (d, 1H), 8.78 (d. 1H), 8.34 (t. 1H), 6.76 dd. 1H). 5.93
(d, 1H), 5.49 (d,1H). 3.97 (s.3H).

Example fi?R

The desired compound was prepared according to the method of Example 76F
except substituting 3-viny.-5-carboxymethylpyridine, prepared as in Example 82A for 3-
vny.pynd.ne. 1 H NMR (300 MHz, CDC.3) 89.11 (d, 1H), 8.87 (d, 1H), 8.45 (t 1H) 778
W. IH). 7.59 (dd. IH), 7.51 (d, 1H), 7.47 (m. 5H). 7.30 (d, 1 H). 7.20 (d, 1H). 5.91 (br d
HM.68(m, 1H), 3.97 (s,3H), 3.67 (s,3H), 2.08 (m,2H), 2.02 (s.3H). 1.94 (m. 1H)

'

176 (m. 1H). MS (CI*) rn/e 505 (M+H)+.

(4 \2 f5 carhoxvmomv
Example

To a solution of the {4-[2-(5-carboxymethylpyrid-3-yl)ethenyl]-2-

h '0r
'

6

phenylbenzoyl}methionine methyl ester prepared in Example 82B (90.4 mg. 0.1 79 mmol)
.n methanol (2 mL) was added a solution of sodidum hydroxide (0.979 N. 0 098 mL)
After 14 hours, additional sodium hydroxide (0.979R 0.036 mL) was added to the
react.on mixture. After 5 hours, tic indicated that no starting material remained The
react.on was then quenched with hodrogen chloride (1.0 M in ether, 1 mL). and the
solvent was evaporated in vacuo* give the title compound (105 mg. 100%) as a mixture
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of nicotinic acid methyl ester and nicotinic acid (ratio, 1:2). 'H NMR (300 MHz. DMSO-
d6 ) 5 9.07,9.04 (2 d's, 1H), 8.98 (d, 1H). 8.67,8.57 (m's, 2H), 7.80-7.30 (m. 11 H). 4. 11 (m.
1 H). 3.95 (s, from the methyl ester), 2.20 (m. 2H), 2.00 (s. 3H), 1 .94 (m. 2H). MS
(APCI+) m/e 491 (M+H)* for the diacid. 505 (M+H)* for nicotinic acid methyl ester.

(4-f2-(1 -H-imidayole-1 •vltethenvll-2-phenvlhenyoviimethinnino sodium gaj]

The desired compound was prepared according to the method of Examples 76
and 77, except substituting 1-vinylimidazole for 3-vinylpyridine. 1 H NMR (300 MHz.
DMSO-d6 ) 8 8.02 (m. 2H), 7.71 (s. 1H), 7.53-7.30 (m, 8H), 7.15 (m. 2H), 7.07 (d, 1H).

3.73 (m, 1H), 2.10 (m, 2H), 1.97 (s, 3H), 1.77 (m, 2H). MS (APCI+) m/e 444 (M+Na)*
the acid form.

(4-f(PVrid-3-vnethvnvll-2-Dhenvlben7Qv»methiQnin8 methyl fl^o
f

A mixture of (4-iodo-2-phenylbenzoyl)methionine methyl ester, prepared as in

Example 76D. (469 mg, 1.0 mmol), [1.1'-bis(diphenylphosphino)ferrocene]palladium(ll)

chloride, complexed to dichloromethane (1:1) (82 mg, 0.10 mmol), and ethynyltributyltin

(315 mg. 1 .0 mmol) in DMF (5 mL) was heated at 80 °C for 6 hours at which point thin

layer chromatography indicated no starting iodide left. 3-Bromopyridine (0.1 14 mL. 1 .2

SCH3

Examola A3

SCH3

Example 84

f4-f(PVrid-3-vhethvnvn-2-Dhenvlben7nv/Bmpthionine hvdrnrhi0rjd
ft

Example 84A
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10

mmol) and triethylamine (0.42 mL. 3.0 mmol) were added and the reaction mixture was
heated at 100 "C for 14 hours. The reaction mixture was diluted with ether (50 mL) and
ethyl acetate (50 mL). washed with water and brine, dried over anhydrous magnesium
sulfate, and filtered. To the filtrate was added 3 drops of water, followed by 1 ,8-

diazabicyclo[5.4.0]undec-7-ene (0.2 mL) with swirling. The resulting milky mixture was
filtered through silica gel (15 g), rinsed with ethyl acetate, and concentrated in vacuo.
The residue was then purified by column chromatography (50% ethyl acetate-hexane
then ethyl acetate) to give {4.[(pyrid-3.yl)ethynyl]-2-phenylbenzoyl}methionine methyl
ester (109 mg. 24%). 1 H NMR (300 MHz, CDCI3) 8 8.79 (s, 1H).8.58(dd. 1H),7.82(dt
1H). 7.74 (d, 1H), 7.59 (dd, 1H). 7.57 (s, 1H), 7.45 (m. 5H), 7.31 (dd. 1H). 5.93 (brd 1H)
4.69 (m. 1H). 3.68 (s. 3H). 2.08 (m. 2H). 2.02 (s. 3H), 1.93 (m, 1H), 1.76 (m, 1H) MS
(Cl+) m/e 445 (M+H)+.

15

20

Examolft fUR

{^-ffpyrid'a-YnQthVPVll^-Dhenvlhengnvnmflthinnina hvdrochloririP
To a solution of the {4-[(pyrid-3-yl)ethynyl]-2-phenylbenzoyl}methionine methyl

ester prepared in Example 84A (48 mg. 0.108 mmol) in methanol (2 mL) was added
aqueous sodidum hydroxide (0.979 U, 0.120 mL). After 14 hours, the reaction was
quenched with hydrochloric acid (3.0 U, 0.1 mL). and the solvent was evaporated in

vacuo to give {4-[(pyrid-3-yl)ethynyl]-2-phenylbenzoyl}methionine hydrochloride (61 mg
100%). 1 HNMR(300MHz.DMSO-d6)8 8.95(d. 1H).8.89(d. 1H).8.84(dd. 1H),8.1l'
(dt, 1H). 7.68 (dd, 1H). 7.63 (d, 1H), 7.57 (dd. 1H). 7.51 (d. 1H). 7.46 (m. 2H). 7.38 (m,
2H). 4.31 (m. 1H). 2.24 (m, 2H), 2.00 (s, 3H). 1.86 (m, 2H). MS (APO) m/e 431 (M+H)-1

as the acid form.

25
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S02CH3

Example 85

/V^4-f2-(PVrid»3'Vl)ethenvn-2-Dhenvlben2ovl1.2.aminowt./methvlsulf0nvl^utanoicaeid

Example 85A

/V^4-f2WPVrid-3>vnethenvl1-2»Ph8nvlben2Qvl1.2-amino-4-fmethVlsulfQnVl^,jtanQi^ arid

methvl ester

To a solution of {4-[2-(pyrid-3-yl)ethenyl]-2-phenylbenzoyl}methionine methyl ester

(521 mg, 1.17 mmol). prepared as in Example 76, 4-methylmorpholine A/-oxide (551 mg,

4.68 mmol), methylsulfonamide (222 mg, 2.34 mmol) and quinuclidine (13 mg, 0.12

mmol) in tert-butanol (5 mL) and water (5mL) was added a solution of osmium tetraoxide

(2.5 wt% in fert-butanol, 0.73 mL, 0.058 mmol) and the mixture was stirred at 45 °C for

18 hours. The reaction mixture was diluted with ethyl acetate (100 mL), washed with

water and brine, dried over anhydrous sodium sulfate, filtered, and concentrated in

vacuo. The residue was purified by column chromatography (ethyl acetate, then 5%
methanol-ethyl acetate) to give the desired compound (71 mg, 15%) as the first fraction,

and compound diol (285 mg, 56%, a 1:1 mixture of diastereomers) as the second
fraction. 1H NMR (300 MHz, CDCI3) 6 8.74 (s, 1 H), 8.53 (d. 1 H), 7.87 (dt, 1 H). 7.73 (d.

1 H), 7.60 (dd, 1 H), 7.48 (m, 6 H). 7.32 (dd. 1 H), 7.19 (s, 2 H), 6.02 (brd, 1 H). 4.68 (m,

1 H), 3.70 (s, 1 H), 2.95 9s, 3 H), 2.77 (m, 1 H), 2.65 (m, 1 H), 2.27 (m, 1 H), 1 .99 (m, 1

H). MS (CI +) m/e 479 (M+H)+

For compound 12a:

Example B5B

A/-f4-f2-(Pvrid-3-vl)ethenvll-2-Phenvlbenzovn-2-amino-4WmethvlsulfQnvnbutanoic acid

The desired compound was prepared by saponification of the product of Example
85A using the procedure of Example 77. 1H NMR (300 MHz. DMSO-d6 ) 6 8.80 (d. 1 H),

8.45 (dd, 1H), 8.07 (dt. 1H), 7.65 (m, 2H), 7.54 (d, 1H), 7.43 (m, 8H). 7.25 (brd. 1H),

3.88 (m, 1H), 2.89 (s, 3H), 2.78 (m. 2H), 1.96 (m, 2H). MS (FAB+) m/e 487 (M+Na)* as

the acid form.
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S02CH3

Example flfi

^4-f2-(pvri^3-Yl)-1 ?-ftihvdrQxvethvli-?.nhenvihan7nYii.p.nnjn?^
(methvlsulfonvhbutannir

flfljrt

Example BfiA

/V-{4.f2-(DVri(1-3-VIW1 g.dihvdr»yyathY|1.2.Ph6nvlhAn7nV |
1.2.aminn.^.

(methvlsulfonvnbutannir- a
fljd mathyl p^ftf

The desired product was a side product in Example 85A. i H NMR (300 MHz
CDCI3 ) 8 8.47 (2 d's, 1H), 8.19.8.15 (2 s's, 1H), 7.61 (2 dt's, 1H), 7.57 (d, 1H), 7 40 (m
2H), 7.23 (m, 5H), 7.00 (dd, 1 H), 6.25 (2 d's. 1 H). 4.76 (m. 2H). 4.63 (m. 1 H). 3.70 3 68
(2s's. 3H). 2.92.2.93 (2s's. 3H). 2.80-2.52 (m, 2H). 2.24 (m. 1H). 1.97 (m. 1H). MS (Ch
m/e513(M+H)+.

Exampla flfiR

/V-(4-f2-(PYriCl-3>vn-1?-rtih>^r0xVflthvii.9.ph0nvlben7Qvi).9.am i^^..

fmethylsulfonynbutannir aCjd

The desired compound was prepared by saponification of the product of Example
us.ng the procedure of Example 77. 1 H NMR (300 MHz, DMSO-d6 ) 5 8.36 (m. 2H).
.7.55 (2 d's. 1H), 7.39-7.19 (m. 9H). 7.06 (s. 1H). 4.75.4.74 (2 s's. 2H). 3.75 (m 1H)
(s. 3H). 2.77 (m. 2H). 1.95 (m, 1H). MS (APCI+) m/e 499 (M+H+) as the acid form



WO 97/17070 PCTAJS96/17092

143

S02CH3

Example 87

ftH4-f2-(pvrifr3-vlH .P-dihvdroxvethvl dimethyl ketaii.?.nhpnvibenzQyi)-9.aminft.4.

(methvlsulfonyhbutannir arid

Sxample 67A

/V-f4-f2-fPYrid-3'Vl)-1 .P-Clihvdroxvethvl dimethyl ketall.g.nhBnvlbanrm/n.g.amin^.

(methvlsulfonvhbutanoie acid methvl ester

A solution of /V-{4-[2-(pyrid-3-yl)-1.2-dihydroxyethyl]-2-phenylben2oyl]-2-amino-4-

(methylsulfonyl)butanoic acid methyl ester (79 mg, 0.154 mmol), prepared as in Example
86A. toluenesulfonic acid (20 mg) in 2.2-dimethoxypropane (0.5 mL) and DMF (1 mL)
was stirred at 50 °C for 6 hours. The reaction mixture was diluted with ether (100 mL),
washed with saturated aqueous sodium bicarbonate, water and brine, dried over

anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue was
purified by column chromatography (ethyl acetate) to give the desired compound (71 mg,
84%). 1 H NMR (300 MHz, CDCI3) 8 8.61 (br s, 1 H), 8.50 (d. 1 H), 7.66 (m, 2H), 7.45-7.35

(m, 6H). 7.24 (m, 2H), 6.0 (2 d'd. 1H), 4.78 (m, 2H), 4.67 (m, 1H), 3.70 (s, 3H). 3.69 (s.

3H). 2.96 (s, 3H), 2.80-2.60 (m. 2H), 2.28 (m, 1H), 1.99 (m, 1H). MS (CI*) m/e 553
(M+H)+.

Example 97P
/Y-{4-rg-(PVrid-3-VIH .2-dihvdroxvethvl dimethyl ketall-P-nhenvlbenzoyll-P-aminrwi.

(methvlsulfonyhhtitanoifi arid

The desired compound was prepared by saponification of the product of Example
86A using the procedure of Example 77. 1 H NMR (300 MHz, DMSO-d6 ) 8 8.55 (dt. 1 H),

8.48 9d, 1H), 7.76.7.73 (2 q's, 1H), 7.47-7.07 (m, 10H), 4.90 (m, 2H), 3.90 (m, 1H), 3.16
(s, 6H), 2.73 (m, 1H), 2.28 (m, 1H), 1.94 (m, 2H). MS (APCI+) m/e 561 (M+Na)*.
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S02CH3

Example flft

/V-(4-r2-(PVri(1-3-vn-1.2-DronionQviethyii.?.^env|ben7ovi).9.a^inn^.

(methvlsulfonvnbutannir

Example ftflA

W4-f2^PYrif1-3-Yl)-1?-proDiQn0vimhvn.p.nhenVihPn7oyl].?.nm jr.,.

(methvlSUlfonynhlltanoic acM m^y'
agjgj-

To a solution of A/-(4-[2-(pyrid.3.yl).1,2-dihydroxyethyl].2-phenylben2oyl].2.amino-

4-(methylsulfonyl)butanoic acid methyl ester (71 mg, 0.134 mmol), prepared as in
Example 86A and 4-dimethylaminopyridine (3 mg) in dichloromethane (3 mL) was added
propionic anhydride (0.066 mL, 0.402 mmol) and the reaction was stirred for 4 hours.
The reaction mixture was diluted with ether (SO mL), washed with water and brine, dried
over anhydrous magnesium sulfate, filtered, and concentrated in vacuo. The residue
was purified by column chromatography (ethyl acetate) to give A/-[4-[2-(pyrid-3-yl)-l .2-

propionoylethyl]-2-phenylbenzoyl]-2-amino^.(methylsulfonyl)butanoic acid methyl ester
(79 mg, 90%). 1H NMR (300 MHz, CDCI3) 68.52 (brs. 1H). 8.39 (br s. 1H), 7.60 (d. 1H).
7.55 (m. 1H), 7.41 (m, 3H), 7.26 (m, 4H), 7.07 (dd. 1H), 6.12 (m, 3H), 4.62 (m 1H)
3.681 ,3.684 (2 s's. 3H), 2.840,2.843 (2 s's, 3H), 2.78-2.57 (m. 2H), 2.34 (m, 4H), 2.25 (m
1H), 1.97 (m, 1H), 1.63 (m, 4H), 0.92 (m, 6H). MS (CI+) m/e 653 (M+H)+.

Example flflB

W4-f2-(pyrirt-3-y)H P-propionovlethvn-P-Dhenvihen^nyH.p.^rnin^^.

(methvlsulfonyl)hijtfinftjc^
To a solution of the/V-{4-[2-(pyrid-3-yl)-1,2-propionoylethyl]-2-phenylbenzoylJ-2-

amino-4-(methylsulfonyl)butanoic acid methyl ester prepared in Example 88A (71 mg
0.109 mmol) in anhydrous ether (2 mL) and THF (2 mL) was added solid potassium
tnmethylsilanolate (41 mg, 0.327 mmcl). After 1 hour, hydrogen chloride (4.0 N in 1,4-
dioxane. 0.1 mL) was added to the reaction mixture and the solvent was evaporated in
vacuo to give /V-{4-(2.(pyrid-3-yl)-l .2-propionoylethyl]-2-phenylbenzoyl]-2-amino-4-

(methylsulfonyl)butanoic acid (82 mg, 100%). 1H NMR (300 MHz. DMSO-d6 ) 8 8 77-8 60
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(m, 3H), 8.28 (br d, 1H), 7.88 (br s, 1H), 7.43-7.22 (m. 8H), 5.05 (d, 1H), 4.91 (d, 1H),

4.30 (m. 1H), 2.94 (s. 3H), 2.92-2.70 (m, 2H), 2.40-2.10 (m. 5H), 1.98 (m. 1H). 1.47 (m.
4H), 1.90-1 .72 (m. 6H). MS (FAB-) m/e 637 (M-H)- (only major peak above molecular
weight 500).

SCH 3

Example RQ

f4-f1H-imidazol-4-vlmethvlaminom6thvh-3.nhflnViben2ovnmethinninfl

Example 89A
4-azidomethvl-1 H-1 -trinhenvlmethYlimirt^Qlg

To a -10 °C solution in toluene (3 mL) of triphenylphosphine (787 mg, 3.0 mmol)
was added a solution of diethylazodicarboxylate (0.47 mL, 3.0 mmol) in toluene (3 mL)
dropwise over 1 0 minutes. A slurry of 4-hydroxymethyl-1 H-1 -triphenylmethylimidazole

(684 mg, 2.0 mmol), prepared as in Example 41 A. in dichloromethane (10 mL) was
added and the reaction mixture was stirred for 30 minutes. A 1 M solution of HN3 in

toluene (10 mL. 10 mmol) was added, the cold bath was removed, and the reaction

mixture was stirred for 1 hour. The reaction mixture was diluted with ethyl acetate and
extracted with aqueous 1N sodium hydroxide, water and brine, dried over sodium sulfate,

filtered, and concentrated in vacuo. Chromatography on silica gel (50% ethyl acetate-

chloroform) gave 4-azidomethyl-l H-1 -triphenylmethylimidazole (626 mg. 86%).

f4-(1H-1-triPh9nvlmethVlimidazol-4-vlmethvlaminQmflthx/n^.PhenVlhen7nyl1methionine

To a solution in THF (3 mL) of 4-azidomethyl-1 H-1 -triphenylmethylimidazole (220
mg, 0.60 mmol), prepared as in Example 89A, and (4-carboxyaldehyde-2-

phenylbenzoyl)methionine methyl ester (186 mg, 0.50 mmol), prepared as in Example
160B. was added triphenylphosphine (157 mg, 0.60 mmol) and the reaction mixture was
stirred for 1 hour and at 65 °C for 3 hours. The reaction mixture was cooled to ambient

temperature and 2-propanol (2 mL) and sodium cyanoborohydride (94 mg, 1.5 mmol)

Example 89B

methvl ester
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were added. The reaction mixture was stirred for 0.5 hours and then was poured into
aqueous 2N sodium hydroxide. The mixture was extracted twice with ethyl acetate. The
combined organic extracts were washed with water, saturated aqueous sodium
bicarbonate and brine, dried over sodium sulfate, filtered, and concentrated in vacuo
Chromatography on silica gel (50% methanol-chloroform) followed by another
chromatography (ethyl acetate) gave (4-(1H-1-triphenylmethylimidazol-4-

ylmethylaminomethyl)-2-phenylbenzoyl]methionine methyl ester (231 mg. 66%).

Example fiQf:

f4-(1H-imidazoM-vlmethvlaminQmethyh-9.nhenvlben7nyi)rfl|i
l jfn ^n

»
The desired compound was prepared by saponification of the methyl ester and

deprotection of the imidazoleusing the prodecures of Examples 41 E and 41

D

respectively. 1H NMR (300 MHz, D20) 58.72 (s. 1H). 7.40-7.67 (m. 9H). 4.S1 (s 2H)
4.43 (s. 2H). 4.38 (m. 1H). 2.03 (s. 3H). 1.90-2.09 (m. 3H). .1.79 (m. 1H). MS (CI NH3 )

m/e 439 (M+H)*, 359. 227. Anal calcd for C23H26N4O3S + 2.4 trifluoroacetic acid- C
46.89, H. 4.02. N, 7.87. Found: C, 46.79; H, 4.16, N. 7.87.

HCI
lN^yN^CO!CH3

SCH3

Example 90

K-(pyrid-3-Ylaminvm9thvl)-?-phenvlbenzovnmethi0ninB m»thVi ester h^^m^
Example 90A

f4'(pyrM-3-vlaminnmethvn-2-Dhenvlb6n?ovi|mAthj^nine methvi p«
t
or

To a solution of (4-carboxyaldehyde-2-phenylbenzoyl)methionine methyl ester (2.5
g, 6.7 mmol). prepared as in Example 39B, in methanol (1 5 mL) was added 3-

aminopyridine (941 mg, 10 mmol) and acetic acid (5 mL). The reaction mixture was
stirred for 1 hour and sodium cyanoborohydride (0.85 g, 13.5 mmol) was added. The
reaction mixture was stirred for 2 hours and additional sodium cyanoborohydride (0.42 g.
6.7 mmol) was added. Stirring was continued for an additional 2 hours and then the
reaction mixture was poured into aqueous 1N sodium hydroxide. The mixture was
extracted with ethyl acetate (3x). The combined organic extracts were washed with
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saturated aqueous sodium bicarbonate (2x), water (3x) and and brine, dried over sodium
sulfate, filtered, and concentrated in vacuo. Successive chromatographiss on silica gel
(ethyl acetate) gave [4-(pyrid-3-ylaminomethyl)-2-phenylbenzoyl]methionine methyl ester
(2.2 g. 73%).

Example APR

f4-(Pyrid-3'Vlamin0mPthvn-2-Dhenvlben7Ovl1methinninft mgthvl ester hvrimrh^pH*

To a solution in ethyl acetate (20 mL) of [4.(pyrid-3-ylaminomethyl).2-

phenylbenzoyl]methionine methyl ester (2.96 g. 6.58 mmol). prepared as in Example
90A. was added HCI (1.0 M in ethyl acetate, 20 mL, 20 mmol) dropwise. The reaction

mixture was stirred for 10 minutes and then was concentrated and the residue was
azeotroped with toluene. Water (50 mL) was added and the milky mixture was
concentrated and lyophilized to give (4-(pyrid-3-ylaminomethyl)-2-

phenylbenzoyl]methionine methyl ester hydrochloride (3.04 g, 95%). 1 H NMR (300
MHz.. DMSO d6 ) 68.66 (d, 1H), 8.11 (s. 1H). 8.02 (t, 1H). 7.84 (bt, 1H). 7.71 (m. 2H).

7.44 (m, 3H). 7.26 (m. 5H), 4,53 (bd. 2H), 4.36 (ddd, 1H), 3.64 (s. 3H). 2.23 (m. 2H),
1.98(s, 3H). 3.85 (m. 2H). MS (CI NH3) m/e 450 (M+H)\ 374. 319. 287. Anal calcd for

C2SH28CIN3O3S + 0.58 H20) :C. 60.48; H , 5.92; N. 8.46; CI. 7.29. Found: C. 60.49; H
5.58; N. 8.40; CI 7.84.

SCH3

Examplft 01

f4-fPvrid-3-vlaminomethvh.2.phflnvihflny0viimethiQninft
To a solution of [4-(pyrid-3-ylaminomethyl)-2-phenylbenzoyl]methionine methyl

ester hydrochloride (72 mg. 0.16 mmol) in THF (3 mL) was added a solution of lithium

hydroxide hydrate (13 mg, 0.32 mmol) in water (1 mL) and the reaction mixture was
stirred for 30 minutes. The THF was evaporated in vacuo and the residue was taken up
in aqueous 3N HCI. The solution was concentrated and the residue was purified by
preparative HPLC (70% acetonitrile-0.1% aqueous trifluoroacetic acid) to give [4-(pyrid-3-

ylaminomethyl).2-phenylbenzoyllmethionine (39 mg, 50%). <H NMR (300 MHz.. DMSO-
d6 ) 6 8.48 (d. 1H), 8.17 (m. 1H). 7.97 (m. 1H), 7.56 (m, 2H). 7.29 - 7.44 (m, 7H). 4.51
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(bd. 2H), 4.48 (ddd. 1H), 2.24 (m, 2H), 1.99 (s. 3H), 1.85 (m. 2H). MS (CI NH3 ) m/e
(M+H)+

, 418. 319. 287. 194. 165. Anal calcd for C^H^C-aS (+ 1 .26 TFA): C. 55 i

H. 4.57; N. 7.25. Found: C. 54.97; H. 4.58; N. 7.33.

O

C02H

Example 92

2-f4-(PYrid-3-YloxYmflthvn^-PhenvlbflnyovlU.ethvithiarnia^.carfanyv/l ir^
Example 9?A

4-methvl-2-Dhenvlhen2oic arid mpthv| f^tftr

The desired compound was prepared according to the method of Example 36A.
except substituting 4-methyl-2-hydroxybenzoic acid methyl ester for 2-iodoterephthalate.

Example Q9R

4-prompmethvl-2-ohftnvibengoic ariri nqftthy' ester
A mixture of 4-methyl-2-phenylbenzoic acid methyl ester (2.26 g. 10 mmol),

prepared as in Example 91B, N-bromosuccinimide (1.87 g, 10.5 mmol) and 2,2'-

azobisisobutyronitrile (25 mg) in carbon tetrachloride (40 mL) was stirred at reflux for 7
hours. The reaction mixture was poured into ethyl acetate and extracted with water (2x).
aqueous sodium hydrogen sulfite and brine, dried, filtered, and concentrated in vacuo.
Chromatography on silica gel (10% ethyl acetate-hexane) gave 4-bromomethyl-2-
phenylbenzoic acid methyl ester (2.57 g, 84%).

ExamplA Q9Q

4-(3-PVridVl0XVmethvl)-2-nhenvlben7Oie arid methvl ester

To a mechanically-stirred 0 °C solution of 3-hydroxypyridine (4.4 g, 46 mmol) in

DME (20 mL) was added potassium hexamethyldisilazide (0.5 M in toluene, 88.5 mL, 44
mmol) and the mixture was stirred for 15 minutes. 18-Crown-6 (1 .46 g, 5.5 mmol) and a
solution of 4-bromomethyl-2-phenylbenzoic acid methyl ester (6.8 g. 22 mmol) in toluene
(25 mL) was added and the reaction mixture was vigorously stirred overnight. The
reaction mixture was poured into 200 mL of water and the layers were separated. The
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aqueous phase was extracted with 2 portions of ethyl acetate and the combined organic
phases were extracted with water and brine, dried (MgS04 ). filtered and concentrated.
The resulting oil was purified by flash chromatography (65% ethyl acetate-hexane) to

give 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid methyl ester (3.4 g).

Example 99D

4.Q.pvridVlO)(vmethVn-2.phenVlhfln7nj
ff flfljrt

To a solution of 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid methyl ester (3.4 g,

10.6 mmol), prepared as in Example 92C, in methanol (30 mL) was added aqueous 4N
sodium hydroxide and the reaction mixture was heated at reflux for 6 hours. The
methanol was distilled of in vacuo and the residue was taken up in water. The aqueous
solution was taken to pH 4 with HCI and the resulting precipitate was filtered off and dried
to give 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid (3.2 g).

Example 92 E

2»f4-(pvrid-3'ylQXYmethvl)-2-nhenvlbenzovlU.ethVlthiazQle.5w;arbQxvliC arid Athyi

To a -12 °C solution in DMF (2 mL) of 2-amino-4-ethylthiazole-5-carboxylic acid
methyl ester (80 mg, 0.40 mmol), prepared as described in J. Chem. Soc. Parkin 1,

1982, 154, was added lithium hexamethyldisilazide (1.0 M in THF, 0.76 mL, 0.76 mmol)
and the resulting yellow solution was stirred for 30 minutes. In a separate flask 4-(3-

pyridyloxymethyl)-2-phenylbenzoic acid (101 mg, 0.33 mmol), prepared as in Example
92D and carbonyldiimidazole (60 mg, 0.37 mmol) were dissolved in THF and stirred for 1

hour. The resulting imidazolide solution was then added to the thiazole solution at -10 °C
and the mixture was stirred for 30 minutes. The cold bath was then removed and stirring

was continued for 30 minutes. The reaction mixture was quenched with saturated

aqueous ammonium chloride and poured into water. The mixture was extracted twice
with dichloromethane. The combine organic extracts were dried, filtered and
concentrated. The solid residue was recrystallized from ethyl acetate-methanol to give 2-

[4-(pyrid-3-yloxymethyl)-2-phenylbenzoyl]-4-ethylthiazole-5-carboxylic acid ethyl ester

(75 mg).

Example 92F

2-f4-(pvrid-3-Vl0XVmfithvl)-2-Phenvlbfln7Ovn-4-ethvlthiazO|e-5-carbOyvlir a rirt

To a solution in 1:1 THF-water (3 mL) of 2-[4-(pyrid-3-yloxymethyl)-2-

phenylbenzoyl]-4-ethylthiazole-5-carboxylic acid ethyl ester (72 mg, 0.15 mmol),
prepared as in Example 92E. was added aqueous 4N NaOH (0.12 mL. 0.48 mmol) and
the reaction mixture was heated at reflux for 5 hours. The reaction mixture was cooled to
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ambient temperature and the THF was evaporated. The residue was diluted with water
and taken to pH 3.5 with HCI. The mixture was extracted with 20% isopropanol-
chloroform (3x). The combined organic extracts were dried, filtered and concentrated in

vacuo to give
2-[4.(pyrid-3-yloxymethyl)-2-phenylbenzoyl]-4-ethylthia2ole-5-carboxylic

(52 mg, 75%) as a white solid. 1H NMR (300 MHz., DMSO-d6) 8 12.87 (bs, 1 H),
12.81 (ba. 1H). 8.40(d. 1H), 8.18 (d, 1H), 7.66 (d, 1H), 7.57 (m, 2H), 7.49 (ddd, 1H) 7 29
7.43 (m, 5H), 5.32 (s, 2H), 2.95 (q, 2H), 1.14 (t, 3H). MS (CI NH3 ) m/e 460 (M*H)+, 306
Anal calcd for CzsHaiNaCUS: C, 65.35; H ,4.61 ; N, 9.14. Found: C. 65 23- H 4 52- N
8.82.

a o

6

SCH3

Example 93

f4-f3-PVridvlOXVmethvn-2-Dhenvlbflnynyl)methionine isopropyl ester

Example 93A

/V-tert-butoxvcarbonvmethionine isopropyl gsjej
To a solution of /V-fert-butoxycarbonylmethionine (2.49 g, 10 mmol) in DMF (50

mL) was added 3-hydroxy-1,2,3-benzotriazin-4(3H)-one (1.74 mg, 1 1 mmol), 4-

dimethylaminopyridine (244 mg, 2.0 mmol),ethyl dimethylaminopropyl carbodiimide
hydrochloride (2.11 g, 11 mmol) and isopropanol (2.3 mL. 30 mmol) and the reaction
mixture was stirred for 27 hours. The reaction mixture was poured into water and
extracted three times with ethyl acetate. The combined organic extracts were washed
with aqueous sodium hydroxide (2x), aqueous HCI (2x), water (2x) and brine, dried,
filtered, and concentrated in vacuo. Chromatography on silica gel (20% ethyl acetate-
hexanes) gave /V-tert-butoxycarbonymethionine isopropyl ester (1 .26 g, 43%).

Example Q3R

methionine isooropvl ester hydrochloride

To a solution of /V-fert-butoxycarbonymethionine isopropyl ester (291 mg, 1 .0
mmol), prepared as in Example 93A. in dioxane (1 mL) was added 4N HCI-dioxane (4
mL) and the mixture was stirred for 3 hours. The reaction mixture was concentrated in
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vacuo to give methionine isopropyl ester hydrochloride (240 mg) which was used without
further purification.

Example Qflf:

f4-f3-L?vridvlOXvmethvl>-2-Dhenvlben2oyl)mflthionine isopmpy
j
e^gj

The desired compound was prepared by coupling of 4-(3-pyridyloxymethyl)-2-

phenylbenzoic acid, prepared as in Example 92D with methionine isopropyl ester

hydrochloride, prepared as in Example 93B using the procedure of Example 53C. 1 H
NMR (300 MHz. CD3OD) 58.70 (d. 1H), 8.46 (d, 1H), 8.31 (ddd, 1H). 8.01 (dd. 1H). 7.58
(m. 3H), 7.33 - 7.47 (m, 5H). 5.45 (s. 2H). 5.00 (heptet. 1H), 4.44 (m, 1H), 2.00 - 2.24 (m.

2H), 2.01 (s, 3H), 1.96 (m, 1H), 1.77 (m, 1H), 1.24 (d, 3H). 1.22 (d, 3H). MS (CI NH3)

m/e 479 (M+H)+ 451
, 419, 320, 288, 192. Anal calcd for C27H31 CIN204S (+0.60 H20):

C, 61.67; H, 6.17; N, 5.33. Found: C, 61.67; H, 6.17; N, 5.33.

SCH3

Example 94

f4-(3-PVrdvlaminomethvh-2-DhenvlbenZovnmethioninQ isooroovi ester

Example Q4A

(4-hvdroxvmethvl-2-Dhenvlben2Qvhmethionine isopropyl ester

The desired compound was prepared according to the method of Example 93C.
except substituting 4-hydroxymethylbenzoic acid, prepared as in Example 37D. for4-(3-

pyridyloxymethyl)-2-phenylbenzoic acid.

Example 94R

f4-carbOxaldehvde-2-Dhenvlben7oyl1methionine isopropyl ester

The desired compound was prepared by oxidation of the product of Example 94A
using the procedure of Example 39B.
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Example 04ft

f4-f3-PVridYlaminomPthvl)-2-DhenvlhflnzQVi)mftthinn(ne iSOomm/ i **^ r

The desired compound was prepared by reductive amination of the product of
Example 94B with 3-aminopyridine according to the method of Example 90A 1 H NMR
(300MHz, CD3OD) 8 7.97 (m, 1H), 7.86 (dd. 1H), 7.43 - 7.52 (m, 5H), 7.31 - 7 42 (m
5H), 4.98 (heptet. 1H), 4.52 (s, 2H), 4.43 (m. 1H), 2.12 (m, 1H), 2.03 (m. 1H) 1 99 (s
3H), 1.01 (m, 1H), 1.75 (m, 1H), 1.15 (d. 3H), 1.13 (d, 3H). MS (CI NH3) m/e478
(M+H)+, 319. 287. Anal calcd for C27H32CIN303S(+ 0.58 H20): C. 61.83- H 6 37- N
8.01. Found: C, 61.82: H, 6.04; N, 7.74.

co2CH3

"1

SCH3

Example Qfi

f4-(3-pvridYlS»lf0nVlmethvl)-?-nhftnVlb6n7nVnmpthioninft methx/l BBf„

Example QSA

3-dimethvlthiocartaamny|nYriTlin
o

To a solution in DMF (50 mL) of 3-hydroxypyridine (4.76 g, 50 mmol) was added
1 .1-d«azabicyclo(2.2.2]octane (6.80 g, 150 mmol) and dimethylthiocarbamoyl chloride
(18.5 g, 150 mmol) and the reaction mixture was stirred for 0.5 hours at ambient
temperature and 18 hours at 55 X. The reaction mixture was cooled to ambient
tempertaure and poured into ether. The ethereal solution was washed with aqueous 2N
sodium hydroxide (2x), water (2x) and brine, dried, filtered and concentrated in vacuo
Chromatography on silica gel (1:1 ethyl acetate-hexane) gave 3-

dimethylthiocarbamoylpyridine (5.46 g).

Example QfiR

3-dimethvlaminocarhnny|thiftnYrifl;jn°
The desired compound was prepared by heating the 3-

dimethylthiocarbamoylpyridine prepared in Example 232A at 250 °C for 1 .25 hours
followed by cooling and chromatography on silica gel (55%, then 75% ethyl acetate-
hexane).
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Examola Qfif:

3-thiopvridine sodium ««it

To a solution of 3-dimethylaminocarbonylthiopyridine (1.23 g. 6.7 mmol). prepared
as in Example 95B, in methanol (10 mL) was added aqueous 2N sodium hydroxide and
the reaction mixture was stirred at reflux for 2 hours. The reaction mixture was cooled to

ambient temperature and evaporated to dryness to give 3-thiopyridine sodium salt as a
brown solid which was used without further purification.

Example QSn

4-(3-PVridVrthiomethvl)-2-Dhflnvlben7nir arid methvl ester

To a -10 °C suspension in DME (10 mL) of the 3-thiopyridine sodium salt prepared
in Example 95C (450 mg. 3.25 mmol) was added catalytic 18-crown-6 and a solution of

3-bromomethyl-2-phenylbenzoic acid (916 mg, 8.3 mmol), prepared as in Example 92B,
in DME (5 mL) over 5 minutes. The cold bath was allowed to warm to ambient
temperature and the reaction mixture was stirred for 24 hours. The reaction mixture was
poured into water and extracted with ethyl acetate (3x). The combined organic extracts

were washed with brine, dried, filtered and concentrated. Chromatography on silica gel

(40% ethyl acetate-hexane) gave 4-(3-pyridylthiomethyl)-2-phenylbenzoic acid methyl
ester (61 1 mg, 60%).

Example 95E

4-(3-PVridVlSUlfonvlmethvn-P-nhenvlben7nir acid methvl ester

To a 0 °C solution of trifluoroacetic anhydride (2.5 mL, 17.9 mmol) in

dichloromethane (10 mL) was added aqueous 30% hydrogen peroxide (0.56 mL. 5.4

mmol) and a solution of 4-(3-pyridylthiomethyl)-2-phenylbenzoic acid methyl ester (600
mg, 17.4 mmol), prepared as in Example 95D, in dichloromethane (5 mL). The reaction

mixture was stirred for 1 hour, then the cold bath was removed and stirring was
continued for 0.5 hour. The reaction mixture was partitioned between ether and aqueous
2N sodium hydroxide and the aqueous phase was extracted with ether. The combined
ethereal layers were washed with aqueous 2N sodium bisulfite, water and brine, dried,

filtered and concentrated in vacuo to give 4-(3-pyridylsulfonylmethyl)-2-phenylbenzoic

acid methyl ester (620 mg) which was used without further purification.
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Example QSJ

[4-(3-pvridvlsulfQnvlmethvn-2-DhenvlhflnTnYl1methioninft methvl estpr

The desired compound was prepared from 4-(3-pyridylsulfonylmethyl)-2-

phenylbenzoic acid methyl ester by saponification of the methyl ester using the
procedure of Example 92D, and coupling with methionine methyl ester according to the
procedure of Example 53C. mp 152-154 NMR (300 MHz. CDCI3 ) 5 8.95 (d. 1H),
8.87 (dd, 1H). 7.94 (ddd, 1H), 7.66 (d. 1H), 7.43 (m. 4H), 7.30 (m, 2H), 7.21 (dd. 1H)
7.10 (d, 1H), 5.91 (bd, 1H). 4.66 (ddd, 1H). 4.42 (s, 2H). 3.68 (s, 3H), 2.08 (t, 2H). 2.02
(s, 3H), 1.93 (m, 1H), 1.75 (m. 1H). MS (CI NH3 ) m/e 5^3 (M+NH4)+, 499 (M+H)+. Anal
calc' for C2sH26N205S2: C ,60.22; H ,5.25; N ,5.62. Found: C, 60.28; H, 4.94; N. 5.56

Example 9fi

f4-(3-PVhdvlsmfonvlmethvn.p-ohenvihenynVi]m<>thir?n inf
The desired compound was prepared by saponification of [4-(3-

pyridylsulfonylmethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in Example
95, according to the method of Example 38. 1 H NMR (300 MHz.. DMSO d6 ) 8 12.68 (bs,

1H), 8.92 (m, 2H), 8.59 (bd. 1H), 8.18 (ddd, 1H), 7.68 (m, 1H), 7.32 (m. 7H), 7.18 (d. 1H)
4.94 (s, 1H), 4.29 (ddd, 1H), 2.22 (m. 2H), 1.99 (s, 3H), 1.85 (m, 2H). MS (CI NH3 ) m/e
502 (M+NH4)

+
. (485 M+H)*. Anal calcd for C24H24N2O5S2 (+ 0.45 H20): C, 58.51 ; H

,

5.09; N, 5.69. Found: C, 58.51; H, 4.82; N, 5.69.



WO 97/17070 PCT/US96/17092

155

SCH3

Example Q7

f4-f3-PVndVl0XVmethvn>2>ohftnvtben?QvlTmflthinnine methvl ester

Example 97A,

4-methvl-2-Dhenvlbenyftir^
To a solution of 4-methyl-2-phenylbenzoic acid methyl ester (1 .83 g, 8.09 mmol),

prepared as in Example 91A, in methanol (16 mL) was added aqueous 4N sodium
hydroxide (5 mL) and the reaction mixture was stirred for 60 hours, after which additional
aqueous 4N sodium hydroxide (5 mL) was added and the mixture was heated at reflux

for 5 hours. The reaction mixture was cooled to ambient temperature and the methanol
was evaporated in vacuo. The aqueous residue was acidified with 4N sulfuric acid and
extracted with ethyl acetate (3x). The combined organic extracts were dried, filtered, and
concentrated in vacuo to give 4-methyl-2-phenylbenzoic acid (1.67 g) as a white solid.

Example 97R

4-brOmomethvl-2-PhenvlhPnynir ariH

A mixture of 4-methyl-2-phenylbenzoic acid (1 .66 g, 7.82 mmol), prepared as in

Example 91 B, N-bromosuccinimide (1.40 g, 8.21 mmol) and 2,2'-azobisisobutyronitrile

(25 mg) in carbon tetrachloride (30 mL) was stirred at reflux for 1 hour. The reaction
mixture was poured into ethyl acetate and extracted with water (3x) and brine, dried,

filtered, and concentrated in vacuo to give 4-bromomethyl-2-phenylbenzoic acid (2.26 g).

Example Q7C.

(4-brPmomethVl-2»Ohenvlbengovhmethinnina methvl ester

To a solution in dichloromethane (25 mL) of 4-bromomethyl-2-phenylbenzoic acid

(2.16 g, 7.42 mmol), prepared as in Example 97B, was added oxalyl chloride (0.84 mL.
965 mmol) and 2 drops on DMF and the reaction mixture was stirred for 2 hours. The
reaction mixture was concentrated in vacuo and azeotroped with toluene. The residue
was dissolved in dichloromethane (1 5 mL) and then was added to a solution in

dilchloromethane (15 mL) of methionine methyl ester hydrochloride (1.78 g, 8.90 mmol)
and diisopropylethylamine (3.10 g, 17.81 mmol) (prepared at -10 °C) dropwise. The
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reaction mixture was stirred for 30 minutes and then was poured into ether and extracted
with water, aqueous 3N HCI (2x) and brine, dried, filtered and concentrated in vacuo
Chromatography on silica gel (5% ethyl acetate-chloroform) to give <4-bromomethyl-2-
phenylbenzoyl)methionine methyl ester (2.42 g , 75%)

.

Example 971*)

f4-f3»PYridylOXVmethvl)-2-Dhenvlben2Qvl)mflthj^nine methyl g^g

r

To a 0 °C suspension in DMF (2 mL) of sodium hydride (90% in mineral oil, 38
mg, 0.95 mmol) was added a solution of 3.hydroxypyridine (95 mg, 1 .0 mmol) in DMF (2
mL) dropwise and the mixture was stirred for 0.5 hours. A solution of (4-bromomethyl-2-
phenylbenzoyl)methionine methyl ester (218 mg, 0.5 mmol) in DMF (1 mL) was added
and the reaction mixture was stirred for 1 8 hours. The reaction mixture was poured into
aqueous 2N sodium hydroxide and the mixture was extracted with ethyl acetate (3x).
The combined organic extracts were dried, filtered and concentrated in vacuo.
Chromatography on silica gel (60% ethyl acetate-hexanes, then ethyl acetate) gave [4-

(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine methyl ester (58 mg) i H NMR
(300MHz. DMSO-d6 ) 6 12.66 (bs, 1H), 8.58 (d. 1H), 8.38 (d, 1H). 8.17 (dd. 1H). 7.30 -

7.56 (m. 10H), 5.29 (s, 2H), 4.29 (ddd. 1H), 2.23 (m, 2H), 1.98 (s. 3H). 1.84 (m. 2H). MS
(CI NH3 )

m/e 454 (M + NH4)+, 437 (M+H)+. Anal calcd for C24H24N204S (+ 0.41 H20):
C. 64.94; H, 5.64; N, 6.31. Found: C, 64.94; H, 5.35; N.S 6.14.

SCH3

Example Qfl

f4-(3-PYridvloxvmethvl)>?-nhenvlban70v>imftth^n inf
The desired compound was prepared by saponification of f4-(3-pyridyloxymethyl)-

2-phenylbenzoyl]methionine methyl ester, prepared as in Example 97. according to the
procedure of Example 38. 'H NMR (300 MHz., CDCI3) 8 8.41 (dd. 1 H). 8.26 (dd. 1 H),
7.74 (d. 1H), 7.47 (dd, 1H). 7.43 (m. 6H), 7.14 (m, 2H), 5.92 (bd, 1H), 5.18 (s. 2H) 4 67
(ddd. 1H). 3.67 (s.3H), 2.08 (t,2H), 2.01 (s, 3H), 1.92 (m, 1H). 1.73 (m, 1H). MS (CI
NH3 )

m/e 451 (M+H)+ 320. 288. Anal calcd for C25H26N2O4S: C. 66.65- H 5 82' N
6.22. Found: C, 66.53; H, 5.71 ; N, 6.16.
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SCH3

Example 99

f4-f3-DVridVlthiomethvl).2-nhftnvlben7nVl)m ftthionine methyl P«ff r

The desired compound was prepared by reaction of (4-bromomethyl-2-

phenylbenzoyl)methionine methyl ester, prepared as in Example 97C. with 3-thiopyridine
sodium salt, prepared as in Example 95C, according to the method of Example 97D
NMR (300MHz, CDCI3 ) 5 8.56 (m. 1H), 8.45, (dd, 1H;), 7.66 (d, 1H), 7.38 (ddd, 1H), 7.30
- 7.47 (m, 6H), 7.21 (m, 2H), 5.87 (bd, 1H), 4.65 (ddd. 1H), 4.14 (s. 2H), 3.67 (s, 3H),
2.06 (m, 2H), 2.01 (s. 3H), 1.92 (m, 1H), 1.74 (m, 1H). MS (CI NH3 ) m/e 467 (M+H)\
304. Anal calcd for C25H26N2O3S2: C, 64.35; H, 5.62; N. 6.00. Found: C. 64 21 • H
5.61; N, 6.00.

SCH3

Exampla mo
r4-(3-DVridvlthiomethvn.9.nhanVlben?Qvl1mftthinninA

The desired compound was prepared by saponification of [4-(3-pyridylthiomethyl)-

2-phenylbenzoyl]methionine methyl ester, prepared as in Example 99 using the
procedure of Example 38. 1 H nmr (300MHz.. DMSO-d6 ): 8 8.54, m, 1 H; 8.39. dd. 1 H;

7.83. m. 2H; 7.29 - 7.47, m, 8H; 4.39. s. 2H; 4.24. m, 1H; 2.25. m. 2H; 1 .98. s. 3H; 1 .85.

m.2H. MS(CINH3 ): 453 (MH*); 304. 194. EA: calc'd for C24H24N2O3S2: C 63.69; H
5.34; N 6.19; found C 63.35; H 5.20; N 6.02.
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s^C02CH3

S
so2ch3

Example 101

Example miA
2'amino-4-(mBthvlsiilfnnvimutanf>in afij

d methvl aster

To a 0 °C suspension of 2-amino-4-(methylsulfonyl)lbutanoic acid (5.05 g, 27.9
mmol) in methanol (50 mL) was added thionyl chloride (3.0 mL, 41.8 mmol). The cold
bath was allowed to warm to ambient temperature and the reaction mixture was stirred
for 48 hours. The reaction mixture was dilted with water and taken to pH 6 with solid
potassium carbonate. The aqueous mixture was extracted with dichloromethane (3x).

The combined organic extracts were dried, filtered and concentrated in vacuo to give the
methyl ester (1.14 g).

Example 101

R

(4-carboxa|dehvd9-2-PhenvlbenzovlV2-amino^methvk.,ifnnVtmutannir ar.H mfttTy ,

ester

The desired compound was prepared by coupling of 2-amino-4-

(methylsulfonyl)butanoic acid, prepared as in Example 101 A, and 4-carboxaldehyde-2-
phenylbenzoic acid, prepared as in Example 37E. according to the method of Example
53C, except that no triethylamine was required.

Example mm
i&4-(3-pYriQViaminpmm^^^

methyl ester

The desired compound was prepared by reductive amination of the product of

Example 101 B with 3-aminopyridine according to the method of Example 37G. 1 H NMR
(300MHz., CDCI3) 6 8.09. (m, 1H;. 8.00 (bd, 1H;, 7.68 (d, 1H), 7.34 - 7.44 (m, 7H). 7.07
(dd, 1H). 6.88 (ddt. 1H), 5.99 (bd. 1H), 4.68 (ddd, 1H), 4.45 (bd, 2H). 4.24 (bs. 1H), 3.68
(s, 3H), 2.83 (s, 3H), 2.57 - 2.85 (m, 2H ), 2.27 (m, 1H), 1.98 (m, 1H). MS (CI NH3

') m/e
482 (M+H)+. Anal calcd for C25H27N3O5S: C, 62.36: H, 5.65; N, 8.73. Found- C 61 88"
H, 5.69; N .8.60.
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Example 109

5 ^(S-PVridv'a™'™™^ ^
The desired compound was prepared by saponification of the product of Example

101C according to the procedure of Example 38. 'H NMR (300 MHz., D20) 5 7.95 (m.
1H), 7.92 (m. 1H) 7.40 - 7.64 (m. 10H), 4.58 (s. 2H), 4.22, (ddd, 1H). 3.01 (s. 3H), 2.71
(m. 1H), 2.48 (m. 1H), 2.17 (m. 1H), 1.93 (m. 1H). MS FAB(+) m/e 468 (M+H)+ FAB(-)-

10 466 (M-H)\

SCH3

Example 103

r4-f3-Pvridvlmethvloxv)-2»Dhenviberi2QVi)mAthinnin»

Example 103A

2.4-dihvdrPxvbenyr.ie acid methyl gsjfif.

To a solution in methanol (50 mL) of 2,4-dihydroxybenzoic acid (1 .54 g. 10 mmol)
was added sulfuric acid (0.5 mL) and trimethyl orthoformate (1.6 mL, 15 mmol) and the
reaction mixture was stirred at reflux for 36 hours. The reaction mixture was cooled to

ambient temperature and diluted with water. The methanol was evaporated in vacuo.
The residue was diluted with water and extracted with ether (3x). The combined ether
extracts were washed with saturated aqueous sodium bicarbonate (2x) and brine, dried,

filtered and concentrated in vacuo to give 2.4-dihydroxybenzoic acid methyl ester (1 .34

g) as a white solid.
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Examota tfgQ

4-ig-PYri^Vlm9thYQXV)-2-hvf1rnyvben2QiC aciri methy
! g^gj

A mixture in acetone (40 mL) and water (10 mL) of 2,4-dihydroxybenzoic acid
methyl ester (1 .19 g, 7.08 mmol), prepared as in Example 103A, 3-chloromethylpyridine
hydrochloride (2.32 g, 14.2 mmol) and potassium carbonate (2.44 g, 21.2 mmol) was
stirred at reflux for 24 hours, then acetone (10 mL) and piperidine (1 g) were added and
reflux was continued for 12 hours. The reaction mixture was cooled to ambient
temperature, poured into water, and extracted with ethyl acetate (3x). The combined
organic extracts were washed with aqueous sodium hydroxide and water, dried, filtered
and concentrated in vacuo. The residue was recrystallized from aqueous ethanol to give
4-(3-pyridylmethyloxy)-2-hydroxybenzoic acid methyl ester (0.57 g, 31 %).

Example mar.

4-(3-PYridYlmethyloxy)-?.trifluoromethanPsulfQnV |nyvhftn^ ic acid methY i

To a -10 °C solution in pyridine (3 mL) of 4-(3-pyridylmethyloxy)-2-hydroxybenzoic
acid methyl ester (0.56 g, 2.16 mmol). prepared as in Example 103B. was added triflic

anhydride (0.73 mL, 4.32 mmol). The cold bath was allowed to warm to ambient
temperature and the reaction mixture was stirred for 96 hours. The reaction mixture was
poured into water, made basic with aqueous 2N sodium hydroxide and extracted with
ethyl acetate. The combined organic extracts were washed with water (2x) and brine,
dried, filtered and concentrated. Purification by chromatography on silica gel (60% ethyl
acetate-hexanes) gave 4-(3-pyridylmethyloxy)-2-trifluoromethanesulfonyloxybenzoic acid
methyl ester (519 mg, 61%).

Example man
4-(3-PVridvlmethvloxvU9.phanvlben7nir arid methv/l ester

The desired compound was prepared according to the method of Example 37A.
except substituting 4-(3-pyridylmethyloxy)-2-trifluoromethanesulfonyloxybenzoic acid
methyl ester, prepared as in Example 103C for 2-iodoterephthalate.

Example mag

4.(3.pvridvlmethVlOXV)-P-nhenvlben7oir ariri

The desired compound was prepared by saponification of the product of Example
1 03D using the procedure of Example 97A.
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Example 103F

[4-(3-DvridvlmethvlQxv>-2.Dhftnvlb6n?Qx/ilmBthiQnin8 mathm fl<tor

The desired compound was prepared by according to the procedure used in step
C of the preparation of compound 8. except substituting 4-(3-pyridylmethyloxy)-2-

phenylbenzoic acid, prepared as in Example 103E, for 4-nitro-2-phenylbenzoic acid.

f4-(3-PVridVlmethvloxv^2»Dhenvlbenzovl1methionine mathyl »Mftr

The desired compound was prepared by saponification of the compound of
Example 103F using the procedure of Example 38. 'H NMR (300 MHz, DMSO-d6 ) 5
8.69 (bs, 1H), 8.55 (bd, 1H), 8.39 (d. 1H), 7.88 (dt. 1H), 7.40 (m, 6H), 7.07 (dd, 1H), 7.03
(d. 1H), 5.17 (s, 2H), 4.28 (ddd, 1H), 2.25 (m, 2H), 2.00 (s, 3H). 1.84 (m, 2H). MS (CI,

NH3) m/e 454 (M+NH4)+. 437 (M+H)*,419. 320, 288. Anal calcd for C24H24N204S (+
0.23 H20): C, 65.42; H, 5.59; N, 5.99. Found: C, 65.41 ; H; 5.42; N, 5.99.

SCH3

Example 104

f4-f3-Dvridvnthio.g.phenx/lhen2Qvl1m6thinnina

Example 104A

3-PvridvlthiQ-2-phenvlb6nyoie acid terf-hntyl
ftfftftr

To a mixture in DMF (2 mL) of 4-nitro-2-phenylbenzoic acid tert-butyl ester (403
mg, 1 .35 mmol), prepared by esterification of 4-nitro-2-phenylbenzoic acid (compound 8.

step B), and 3-thiopyridine sodium salt (224 mg, 1.68 mmol), prepared as in 232C, was
stirred at 100 aC for 60 hours. The reaction mixture was cooled to ambient temperature
and diluted with saturated aqueous sodium bicarbonate. The mixture was extracted with

ether (3x). The combined ether extracts were dried over magnesium sulfate, filtered, and
concentrated in vacuo to give a brown oil. Chromatography on silica gel (10% ethyl

acetate-hexanes) gave 3-pyridylthio-2-phenylbenzoic acid fert-butyl ester as a colorless

oil (248 mg, 51%).

Example 1Q3G
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Example 104p

3-PVridvtthiO-2-Phenylhflprflifl flff|0
To a 0 "C solution in dichloromethane (1 mL) of 3-pyridylthio-2-phenylbenzoic acid

te/f-butyl ester (245 mg. 0.67 mmol), prepared as in Example 241 A, and triethylsilane

(390 mg, 3.4 mmol) was added trifluoroacetic acid (1 .53 g, 13.4 mmol) and the reaction
mixture was warmed to ambient temperature and stirred for 18 hours. The reaction
mixture was concentrated and azeotroped with toluene (3x) to give 3-pyridylthio-2-
phenylbenzoic acid (209 mg) as a translucent film which was used without further
purification.

Example 104c

f4-(3-pvridvl)thio-?-nhflnvlben7oyH
fpf

>^inn jnf
The desired compound was prepared according to the method of Examples 103F

and G. except substituting 3-pyridylthio-2-phenylbenzoic acid for 4-(3-pyridyloxymethyl)-
2-phenylbenzoic acid. 1 H NMR (300 MHz. DMSO-d6) d 1 .60 (m,. 1 H). 1 .85 (m, 1 H) 2 0(
(s, 3H), 2.10 (m, 2H), 4.50 (m, 1H), 5.85 (m, 1H), 7.25-7.40 (m. 8H). 7.60-7.80 (m 2H)
8.45 (dd. 1 H), 8.65 (dd. 1 H). MS (CI, NH3) m/e 407 (M+H)+.

^C02H

S
SCH3

Example 105

f4-f1H-imida70l-4-vlmethvlthinmp^vn.2.phenylhAnMV|1methinnine

Example m«>A

1 bb 1 •trtPhenvlmethvlimiria2QM.vim^hvithipiaretin afifl

The desired compound was prepared according to the method of Example 89A.
except substituting thiolacetic acid for HN3.

Example iosr

1H-1-triDhenvlmethvlinniriarn|wt.v|methvlthinl sodium salt

A mixture of 1H-1-triphenylmethylimidazol-4-ylmethyfthiolacetic acid (1.80 g. 4.5
mmol), prepared as in Example 105A, and sodium hydroxide (204 mg. 5.0 mmol) in 3:1
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methanol-water was stirred for 18 hours at ambient temperature. The resulting tan solid
was filtered and dried to give 1H-1-triphenylmethylimida20l-3-ylmethylthiol sodium salt

which was used without further purification.

Example msp.

4-f1H-i-triPh9nYlmethvlimadazoi-4-vimethvn.2.0hpnvi h«nZOic add methV | aster
A solution in DME of 1H-1-triphenylmethylimidazol-4.ylmethylthiol sodium salt

(946 mg, 2.5 mmol), prepared as in Example 105B, and 4-bromomethyl-2-phenylbenzoic
acid methyl ester (305 mg, 1 .0 mmol) was stirred at 50 °C for 18 hours. The reaction
mixture was concentrated and the residue purified by chromatography on silica gel (1:1
ethyl acetate-hexanes) to give 4-(1H-1-triphenylmethylimadazol-4-ylmethyl)-2-phenyl

benzoic acid methyl ester.

Examola mfiD

4W1 H-1 •triDhenvlmethvlimadazoM.vlmftthvh.2.phenvl benzoic acid

A mixture of 4-(1 H-1-triphenylmethylimadazol-3-ylmethyl)-2-phenyl benzoic acid
methyl ester (200 mg, 0.34 mmol) and sodium hydroxide (69 mg. 1 .7 mmol) in 3:1

methanol-water (0. 1 8 mL) was stirred at reflux for 8 hours. The reaction mixture was
concentrated and the residue taken up in water. The aqueous solution was taken to pH
5 and extracted. The organic extracts were dried over magnesium sulfate, filtered and
concentrated in vacuo to give 4-(1H-1-triphenylmethylimadazoM-ylmethyl)-2-phenyl

benzoic acid (160 mg) as a solid.

Example 10SE

[4-(1H-1-triPh9PYlmethylimir1azoM~vlmethvlthiomethVn.2.DhenvlbenzQvnmflthinninC

methyl ester

The desired compound was prepared by according to the procedure used in step
C of the preparation of compound 8, except substituting 4-(1H-1-

triphenylmethylimadazol-3-ylmethyl)-2-phenyl benzoic acid, prepared as in Example
105C, for 4-nitro-2-phenylbenzoic acid.

Example 1Q5E

K-nH-Hrinhenvlmethvlimidazoi^^

The desired compound was prepared by saponification of [4-(1 H-imidazol-4-

ylmethylthiomethyl)-2-phenylbenzoyl]methionine methyl ester, prepared as in

Example 105E.
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Example 9d9p

f4-(1H-ifnidaZQl-4-vlfnethvlthiomethvn.p.nhPnYlben70N/l)mft
thi"prf

The desired compound was prepared by deprotection of the compound of
Example 105E using the procedure of Example 41 D. 1H NMR (300 MHz. DMSO-d6) 8
1.85 (m, 1H), 2.00 (s. 3H), 2.20-2.40 (m, 2H), 3.80 (s, 2H), 3.85 (s. 2H), 4.30 (m 1H)
7.40 (m. 8H), 7.50 (s. 2H), 8.50 (d, 1 H), 8.90 (s, 1H), 13.0 (br s. 1H). MS (CI. NH3) m/e
456 (M+H)+.

Example 106

f4'(3»Dvridvloxvmftthvn.g.phflnyihCn2oviicvstAinQ

Example 10RA

Cysteine methvl ester hydrochloride

To a 0 °C slurry in methanol of L-cysteine (1 .23 g, 9.1 mmol) was added thionyl
chloride (0.75 mL, 10.3 mmol). The cold bath was removed and the reaction mixture was
stirred for 15 minutes and then overnight at 45 °C. The reaction mixture was cooled to
ambient temperature and concentrated to a white solid. The white solid was azeotroped
with methanol to give cysteine methyl ester hydrochloride.

Example rnqq

f^O-PVridvlQxvmethvn^-nhftnvlbengovllrY^eine methvl ester

The desired compound was prepared by coupling of cysteine methyl ester
hydrochloride and 4-(3-pyridylmethyloxy)-2-phenylbenzoic acid, prepared as in Example
101D using the procedure of Example 52A.

Example K)fjC.

f4-(3-DVridvloxvmethvn.i>.phenvlben7Qx/nryRteine

The desired compound was prepared by saponification of the product of Example
106B. 1H NMR (300 MHz, DMSO-d6 ) d 8.77 (d. 1H), .58 (d, 1H), 8.35 (d. 1H). 7.85 (dd.

1H), 7.63 (dd. 1H), 7.52 (m, 5H), 7.36 (m, 3H), 5.38 (s, 2H), 4.44 (m. 1H), 3.90 (dd, 1H),
3.72 (dd, 1 H), 2.05 (s. 3H). MS (DCI.NH3 ) m/e 423 (M+H)+. 440 (M+NH4)+.
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Example 107

N-f4-(3-DVridvlOXVmethvh-2.phenvlb^n7ft /l|nnrlP,,<;inft

The desired compound was prepared according to the method of Example 106.

except substituting norleucine methyl ester hydrochloride for cysteine methyl ester

hydrochloride. 1 H NMR (300 MHz, DMSO-d6) 8 8.60 (d, 1H), 8.53 (d. 1H), 8.37 (d. 1H),

7.90 (dd, 1H). 7.70 (dd, 1H), 7.52 (d. 1H), 7.51 (s, 1H), 7.42 (m. 3H), 7.38 (m, 3H), 5.38
(s. 2H), 4.16 (m, 1H), 1.60 (m, 2H), 1.20 (m. 2H), 1.10 (m, 2H). 0.82 (t. 3H). MS (DCI-

NH3) m/e 419 (M+H)+, 436 (M+NH4)+.

Example 108

N-f4-f3-PVrid^loxvmethvl)'2»Dhenvlben70vn.2.amino.3.methoxvbutvri fi arid

The desired compound was prepared according to the method of Example 106,

except substituting L-2-amino-3-methoxybutyric acid methyl ester hydrochloride for

cysteine methyl ester hydrochloride. 1 H NMR (300 MHz, DMSO-d6) 8 8.57 (d, 1H). 8.42

(d, 1H), 8.22 (d, 1H), 7.60 (dd. 1H), 7.50 (m. 2H), 7.40 (m, 7H), 5.33 (s. 2H), 4.24 (m.

1H), 3.17 (s.3H). 3.15 (m, 2H), 1.93 (m. 1H), 1.77 (m, 1H). MS (APC I) m/e 421 (M+H)+
419 (M-H)-. Anal calcd for C24H24N205- 0.5 H20: C, 67.12; H. 5.87; N. 6.52. Found: C,

67.38; H. 5.57; N. 6.72.
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SCH3

Example 10Q

N-f3-(methvlthioH •( 1 H-tetra7ol-5-vnDroDviMW3.DvridviQwmflthVn.2.PhftnVihonyamiHa

Example 1Q9A
S-f-1 -(N-terf-PUtOxvcart)onvnam<nQ-3-thiomethvlDropvil.i h-1-d.c^nn^hy^r^^

To a solution in THF (40 mL) of 1-(N-tertbutoxycaroonyl)amino-4-thiomethylbutyric

acid N-(2-cyanoethyl)amide (1.2 g, 4.0 mmol) was added triphenyphosphine (2.1 g, 8.0
mmol), diethylazodicarboxylate (1.35 mL. 8.5 mmol) and trimethylsilylazide (1.05 mL. 7.9
mmol) and the reaction mixture was stirred overnight at ambient temperature. The
reaction mixture was concentrated in vacuo and the residue was purified by
chromatography on silica gel (7.5% ether-dichloromethane) to give the desired

compound as a soft, off-white powder.

Example 1Q9R

5-H •amin0-3-thi0methvlPr0PVlM H-1-f2-cvan0ethVntetra20le hvrimrhlnriHo

The compound of Example 109A (370 mg) and thiophenol (0.20 mL) were
dissolved in 1 M HCI in ethyl acetate (10 mL) and the reaction mixture was stirred for 2
hours at ambient temperature. The reaction mixture was concentrated and the residue
was partitioned between ether and water. The aqueous phase was washed twice with
ether and then was frozen and lyophilized to give the desired compound (233 mg) as a
tan glass.

Example 10Qf:

N-f3-fmethvlthiPH-nH-tetra7ol-5-v^^

The desired compound was prepared according to the method of Example 106.
except substituting 5-{-1 -amino-3-thiomethylpropyl]-1 H- 1 -(2-cyanoethyl)tetrazole

hydrochloride, prepared as in Example 1 09B, for cysteine methyl ester hydrochloride 1 H
NMR (300 MHz. DMSO-d6 ) 5 8.96 (d. 1H), 8.37 (d.1H), 8.17 (dd. 1H). 7.50 (m. 4H), 7.30
(m. 6H). 5.19 (s. 2H). 5.18 (m. 1H). 2.28 (m. 2H). 2.06 (m. 2H). 2.00 (s. 3H). MS (DCI-
NH3) m/e 461 (M+H)+. Anal calcd for C24H24N6O2S O.5 H20: C, 61.39; H. 5.37; N.
17.90. Found: C, 61.24; H. 5.26; N, 17.80.
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SCH3

Example 110

r4'(3-PYridvlQXVmethvl>-2-0hflnvlben7Qvl1mAth iOninea mirtft

Example 11 nft

AZ-tert-butOXVCarbonvlmethioninfl thinamirfo

To a 0 °C solution in THF (160 mL) of AMert-butoxycarbonylmethionine (4.0 g, 16
mmol) was added N-methylmorpholine (1.84 mL, 16.2 mmol) and isobutyl chlorofomiate
(2.1 mL, 16.2 mmol) and the reaction mixture was stirred for 20 minutes at 0 °C.

Concentrated NH4OH (7 mL) was added and stirring was continued at 0 °C for 2 hours.
The reaction mixture was concentrated in vacuo and the residue was partitioned between
ethyl acetate and aqueous 1 M H3PO4. The organic phase was washed twice with

saturated aqueous sodium bicarbonate (2x) and brine, dried, filtered and concentrated to
give A/-tert-butoxycarbonylmethionine amide (3.43 g) as a white solid.

Example 11 OR

/V-tert-butOXVcarbonvlmethinnine thioamide

To a solution in THF (200 mL) of /V-tert-butoxycarbonylmethionine amide (3.4 g,

14 mmol), prepared as in Example 1 10A, was added Lawesson's reagent (8.3 g, 20
mmol) and THF (50 mL) and the reaction mixture was stirred 2 days at ambient
temperature. The reaction mixture was concentrated in vacuo to give an off-white solid

(12.2 g). Chromatography on silica gel (33% ethyl acetate-hexanes) to give /v-tert-

butoxycarbonylmethionine thioamide (1.1 g) as a colorless glass.

Example 11 OH

f4»(3-DVridvloxvmethvn.2.nhflny|benzoVnmethinninA^mi^1ft

/V-tert-butoxycarbonylmethionine thioamide (140 mg, 0.53 mmol), prepared as in

Example 1 10B. was dissolved in 4N HCI-dioxane (5 mL) and the mixture was stirred for 1

hour. The reaction mixture was concentrated in vacuo to give methionine thioamide
which was coupled with 4-(3-pyridylmethyloxy)-2-phenylbenzoic acid, prepared as in
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Example 101 D using the procedure of Example 52A. 1H NMR (CDCI3) 5 8.40 (dd 1 H)
8.25 (dd, 1H), 8.00 (br 5. 1H), 7.70 (d. 1H), 7.42 (m, 6H), 7.33 (br s, 1H), 7.25 (m 3H)

'

6.49 (d, 2H), 5.20 (a, 2H), 4.95 (m t 1H), 2.30 (m.2H)
t 2.06 (s, 3H), 1.90 (m. 2H) MS

'

(DCI-NH3) m/e 452 (M+H)+

10

15

20

25

30

C02H

S
sch3

Example 111

Example 111 a

/V-rgrt-butoxvcarhonvlmflthinning diazo ketone
To a 0 °C solution in THF (40 mL) of N-tert-butoxycarbonylmethionine (2 0 g 8 0

mmol) was added N-methylmorpholine (0.93 mL, 8.5 mmol) and isobutyl chloroformate
(1 .05 mL, 8.1 mmol). The reaction mixture was stirred for 20 minutes at 0 °C and then
was filtered through a plug of Celite. To the filtrate was added TMSCHN2 (2.0 M in
hexane, 8.0 mL, 16 mmol) and acetonitrile (17 mL). The reaction mixture was stirred for
2.5 hours at 0 °C. then additional TMSCHN2 solution (5-10 mL) was added, the cold bath
was removed and stirring was continued overnight. The reaction mixture was
concentrated in vacuo and the residue was partitioned between ethyl acetate and
saturated aqueous sodium bicarbonate. The organic phase was washed with saturated
aqueous sodium bicarbonate and brine, dried over sodium sulfate, filtered and
concentrated. Chromatography on silica gel (33% ethyl acetate-hexane) gave the
desired compound (465 mg) as a thick orange oil.

Example 11 1R

/V-fgrr-Putoxy^flrhnnYl-P-amino-s-thinmftthvipentannir methvi »*** r

To a solution in methanol (20 mL) of /V-terf-butoxycaroonylmethionine diazo
ketone (460 mg, 1 .68 mmol), prepared as in Example 1 1 1 A, was added a solution of
silver benzoate (104 mg, 0.45 mmol) in triethylamine (2 mL) and the reaction mixture was
stirred for 2.5 hours. The reaction mixture was concentrated in vacuo and the residue
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was purified by chromatography on silica gel (20% ethyl acetate-hexane) to give N-tert-

butoxycarbonyl-2-amino-5-thiomethylpentanoic acid methyl ester (405 mg) as a thick oil.

Example 11m
^f4-fa-pYridYlo^m9thvn-?-nhenvlben2ovn?.amino.5.thinmAthyip6ntannir ^m

ester

The desired compound was prepared according to the method of Example 1 10C.
except substituting /V-terf-butoxycarbonyl-2-amino-5-thiomethylpentanoic acid methyl
ester, prepared as in Example 248B. for N-tert-butoxycarbonylmethionine thioamide.

Example 11m
A/-f4-(3.pYridv|Qxvmmhvl)>2-Dhenvlben70vn2.aminn^.thiomethvlnAn^nr

? jT:^
The desired compound was prepared by saponification of the compound of

Example 11 1C. 'H NMR (300 MHz. DMSO-d6) 6 8.56 (d, 1H). 8.36 (d.1H). 8.20 (d, 1H),

7.75 (dd. 1H), 7.57 (m. 3H). 7.44 (m. 6H). 5.19 (s, 2H), 2.38 (m. 2H). 2.25 (m. 2H). 2.05
<s. 3H), 1.68 (m. 2H). MS (APCI) m/e 451 (M+H)+ Anal calcd for C25H26N2O4S 1 .25
H20: C. 63.47; H, 6.07; N, 5.92. Found: C, 63.21 ; H, 5.82; N, 5.68.

NHOH

SCH3

Example 112

f4-(3-PYridYloxvmethvn-2-Dhenvlben?Qvl1mftthionine hvdroxamip arid

A slurry in methanol of [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine methyl
ester (143 mg, 0.32 mmol), prepared as in Example 97, hydroxylamine hydrochloride (26
mg, 0.37 mmol) and potassium carbonate (106 mg, 0.77 mmol) was stirred at ambient
temperture for 4 hours, then a solution of potassium hydroxide in methanol (0.33 mL)
was added and stirring was continued overnight at ambient temperature. The reaction
mixture was filtered and the filtrate was diluted with water and taken to pH 4. The
aqueous phase was extracted with 3:1 chloroform-isopropanol. The organic extract was
washed with brine, dried over sodium sulfate, filtered, and concentrated in vacuo.
Purification by prep HPLC gave {4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine

hydroxamic acid (92 mg). 1H NMR (300 MHz. DMSO-d6) 6 10.58 (br s. 1 H). 8.58 (d.1 H),
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8.40 (d. 1H), 8.33 (d. 1H), 7.80 (dd, 1H). 7.60 (dd, 1H). 7.50 (m. 3H), 7.36 (m, 5H) 5
(s. 2H). 4.20 (m, 1H). 2.12 (m. 2H), 1.98 (s, 3H), 1.70 (m. 2H). MS (APCI) m/e 452
(M+H)+.

Examnlftlia

r4-(3-PYPdYlPXVrnftthYl}-2-ph9nvlben70VnmethiQninB mOthVh l ,|f
»„ ;»,h^

A solution in THF (5 mL) of [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine
(143 mg, 0.32 mmol), prepared as in Example 98, and carbonyldiimidazole (136 mg 0 84
mmol) was stirred overnight at 45-50 °C. A 1 .6 mL aliquot of the reaction mixture was
removed and to it was added methanesulfonamide (78 mg, 0.82 mmol) and DBU (0.12
mL, 0.80 mmol) and the mixture was stirred overnight at ambient temperature. The
reaction mixture was partitioned between ethty acetate and pH 4 water. The organic
phase was washed with water and brine, dried over sodium sulfate, filtered and
concentrated in vacuo. Chromatography! on silica gel (98.5:1 .5:0.5 chloroform-methanol-
acet.c acid) gave [4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine methylsulfonyl
amide. (31 mg after azeotroping and lyophilization). 1H NMR (300 MHz. DMSO-d6 ) 6
8.62 (d.1H), 8.39 (d, 1H). 8.18 (d. 1H), 7.50 (m. 4H), 7.36 (m, 6H). 5.28 (s, 2H), 4 27 (m
1H), 3.21 (s. 3H), 2.20 (t, 2H), 2.02 (s. 3H). 1.81 (m, 2H). MS (APCI) m/e 514 (M+H)+
Anal calcd for C2sH27N303S2 1.25 H20: C, 56.01; H, 5.55; N. 7.84. Found- C 55 72- H
5.08; N, 8.18. '

" '

'
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NHS02C6H5

0 v
i

SCH3

Example 114

f4-(3-Dvridvioxvmethvh-2-Dhenvlben2ovl1methiQnine phenvlsulfnnimjrtf
The desired compound was prepared by additior of phenylsulfonamide and DBU

to a second 1 .6 mL aliquot of the reaction mixture used in Example 113. 1 H NMR
(DMSO-d6 ) 8 8.49 (d,1H), 8.38 (d, 1H). 8.18 (d. 1H), 7.91 (d, 2H), 7.73 (m,1H), 7.63 ( m
2H). 7.46 (m, 3H), 7.41 (d. 1H), 7.32 (m, 6H), 5.27 (s, 2H), 4.25 (m, 1H), 2.09 (t. 2H).

1 .97 (s, 3H), 1 .70 (m, 2H). MS (ESI) m/e 576 (M+H)+.

NHS02CH3

0

ŜCH3

Example 115

f4-(3-PYridYloxYmethvl)-?-(2-methvlDhenvimenzovl1methionine methvknifnnimi^

Example 11 5A

A/-tert«butoxvcarbonvlmethionine methvlsulfonvimide

The desired compound was prepared according to the method of Example 1 1 3,

except substituting A/-fert-butoxycarbonymethionine for [4-(3-pyridyloxymethyl)-2-

phenylbenzoyl]methionine methyl ester.

Example 11 SB

[4-f3-PVridvl0XVmethvn-?-(2-methvlPhenvhben7oVl)mBthionine methvlsulfonim.de

The desired compound was prepared according to the method of Example 1 1 0C.
except substituting A/-fert-butoxycarbonylmethionine methylsulfonyl amide, prepared as
in Example 1 15A and 4-(3-pyridylmethyloxy)-2-(2-methylphenyl)benzoic acid, prepared

as in Example 70E for AMert-butoxycarbonylmethionine thioamide and 4-(3-

pyridylmethyloxy)-2-phenylbenzoic acid respectively. 1 H NMR (300 MHz. DMSO-d6) 6
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8.38 (d. 1H), 8.30 (br s, 1H), 8.18 (d, 1H), 7.57 (m. 2H), 7.45 (ddd, 1H), 7.35 (dd 1H)
7.30 (br s, 1H), 7.20 (m, 4H), 5.27 (s. 2H), 4.20 (m. 1H), 3.17 (s. 3H), 2 18-1 98

'

'

(envelope, 8H), 1 .77 (m, 2H). MS (APCI) m/e 528 (M+H)+ . Anal calcd for
C26H29N3OsS2 .0.25 H20: C, 58.68; H, 5.59; N, 7.90. Found: C, 58.62; H 5 46" N 7 84

M O
IIN

Y"^NHS02C6H«

s
SCH3

Exampto

The desired compound was prepared according to the method of Example 115
except substituting benzenesulfcnamide for methylsulfonamide. 1H NMR (300 MHz

'

DMSO-d6 ) 88.38 (d. 1H), 8.18 (brs. 1H), 8.18 (d, 1H), 7.86 (m. 2H), 7.73 (m, 1H). 7.62
(m. 2H). 7.50 (m. 2H). 7.45 (ddd, 1H), 7.35 (dd, 1H), 7.30-7.00 (envelope, 6H) 5 27 (s
2H), 4.17 (m, 1H), 1.98 (m. 8H), 1.60 (m, 2H). MS (APCI) 590 (M+H)+. Anal calcd for'
C31H31 N305S2 .-0.5 H2Q: C, 62.19; H, 5.39; N, 7.02. Found: C. 62.31; H. 5.03- N 6 83

*NHS02R

SCH3

Example 117-1^
Examples 254-271 were prepared by stirring a solution in dichloromethane of [4-(3-

pyndyloxymethyD-^phenylbenzoylJmethionine methyl ester, prepared as in Example 97
or

[4-(3-pyridyloxymethy.)-2-phenylbenzoyllmethionine. prepared as in Example 98. withH2NS02R2 , (2.6 equiv.)
.
ethyl dimethylaminopropyl carbodiimide hydrochloride (1 1

equ.v.) and 4-dimethylaminopyridine (0.5 equiv.). Non-commercial sulfonamides were
prepared by reaction of sulfonyl chloride R2S02CI and concentrated NH4OH in THF
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Physical Data

*H NMR (300 MHz, DMSOd6)
MS (APCI) m/e

1 H NMR 6 8.67 (d, 1 H), 8.38 (d, 1 H), 8. 1 9 (d, 1 H).

7.50 (m, 4H), 7.35 (m, 5H), 5.30 (s, 2H), 4.26 (m,

1H), 3.60 (m, 1H), 2.22 (m, 2H), 2.02 (s. 3H), 1.81

(m, 2H), 1.28 (d, 3H), 1.20 (d, 3H). MS 542

(M+H)+.

1 H NMR 58.55 (d,1H), 8.38 (d,1H), 8.18 (dd, 1H),

7.72 (m, 2H), 7.50 (m. 5H), 7.40 (d. 1H). 7.15 (m,

3H), 7.27 (m, 3H), 5.29 (s. 2H), 4.26 (m. 1H), 2.40

(s, 3H), 2.08 (m, 2H), 1.95 (s, 3H), 1.68 (m. 2H).

MS 590 (M+H)+.

1H NMR 88.57 (d,1H), 8.38 (d,1H). 8.18 (d. 1H),

7.98 (m, 2H), 7.55-7.25 (envelope. 12H), 5.29 (s.

2H), 4.23 (m, 1H), 2.11 (m, 2H), 1.96 (s, 3H), 1.70

(m, 2H). MS (APCI) m/e 594 (M+H)+.

1 H NMR 5 8.60 (d,1H), 8.40 (d,1H). 8.20 (d, 1H),

7.98 (m, 2H), 7.93 (d, 2H), 7.72 (d, 2H), 7.50 (m,

3H), 7.42, 7.34. 7.27 (all m, total 7H), 5.30 (s, 2H),

4.23 (m. 1H), 2.13 (m, 2H), 1.96 (s, 3H), 1.70 (m.

2H). MS 610. 612(M+H)+ .

1 H NMR 6 8.60 (d.1H). 8.40 (d,1H). 8.20 (d. 1H).

7.85 (m,4H), 7.50 (m. 3H). 7.42. 7.34. 7.27 (all m.

total 7H), 5.30 (s. 2H). 4.23 (m, 1H), 2.13 (m. 2H).

1.96 (s, 3H), 1.70 (m. 2H). 654. 656 (M+H)+.
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122

123

124

125

127

3-thienyl iH NMR 5 8.58 (d.1H), 8.39 (d,1H), 8.19 (d, 1H),

8.06 (dd.1H). 7.78 (dd.1H). 7.50 (m,3H). 7.43 (d

IH), 7.35 (m, 6H), 7.22 (dd, 1H). 5.30 (s, 2H), 4.23
(m, 1H), 2.10 (m, 2H), 1.96 (s. 3H), 1.70 (m. 2H)
MS 582 (M+H)+.

4-trifluoromethylphenyl 1 H NMR 68.55 (br d,1H), 8.38 (d.1H), 8.18 (d. 1H),

8.10 (d. 2H), 8.01 (d, 2H), 7.72 (d, 2H), 7.50 (m,
3H). 7.40 (d,1H), 7.35 (m. 3H). 7.25 (m, 3H), 5.30
(s, 2H). 4.23 (m, 1H), 2.15 (m, 2H). 1.96 (s, 3H),
1.75 (m,2H). MS 644 (M+H)+.

4-ethylphenyl

4-fert-butylphenyl

126 4-methoxyphenyl

4-tolyl

1 H NMR 5 8.38 (d,1H), 8.17 (dd, 1H), 7.78 (m, 2H).

7.50-7.25 (envelope, 13 H), 5.28 (s, 2H), 4.22 (m.
1H), 2.70 (m, 2H). 2.07 (m, 2H), 1.95 (s. 3H), 1.70
(m. 2H), 1 .20 (m, 3H). MS 604 (M+H)+.

1 H NMR 8 8.53 (br d,1 H), 8.38 (d, 1 H), 8.18 (d, 1 H),

7.83 (d. 2H), 7.63 (d, 2H), 7.48 (m. 3H). 7.41 (d.

1H), 7.35 (m, 3H), 7.30 (m, 3H). 5.29 (s, 2H). 4.24
(m, 1H), 2.08 (m, 2H), 1.95 (s. 3H), 1.70 (m, 2H),
1.53 (s,9H). MS 632 (M+H)+.

1 H NMR 58.53 (brd,1H). 8.38 (d.1H), 8.18 (d. 1H).

7.83 (d, 2H), 7.50 (m, 3H), 7.42 (d, 1 H), 7.35 (m,
3H), 7.30 (m, 3H), 7.15 (d, 2H), 5.29 (s, 2H), 4.23
(m, 1H), 3.85 (s, 3H), 2.08 (m, 2H). 1.96 (s, 3H).

167 (m,2H). MS606(M+H)+.

1 H NMR 5 8.52 (br d, 1H), 8.38 (d, 1H), 8.18 (d.

1H), 7.80 (d, 2H), 7.45 (m, 6H), 7.30 (m. 6H), 5.27
(S, 2H), 4.25 (m, 1H), 2.40 (s, 3H), 2.08 (t. 2H), 1.97
(s, 3H), 1 .70 (m, 2H). MS 590 (M+H)+.
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128

129

130

131

132

133

trifluoromethyl

benzyl

ethyl

1-naphthyl

2-naphthyl

4-nitrophenyl

1HNMR88.69 (d. 1H),8.42 (d. 1H). 8.06 (dd. 1H),

7.95 (d. 1H), 7.80 (dd. 1H). 7.52 (m, 3H), 7.44 (m,

2H). 7.36 (m. 3H), 5.40 (s, 2H), 4.20 (m, 1H). 2.19

(m, 2H). 1.98 (s. 3H), 1.85. 1,75 (m. m. total 2H).

1 H NMR 6 8.62 (br d. 1 H), 8.50 (d. 1 H), 8.27 (br d.

1H). 7.72 (dd. 1H). 7.53 (m, 4H). 7.38 (m. 5H). 5.35

(s. 2H). 4.30 (m. 1H). 3.30 (m. 2H). 2.23 (m. 2H).

2.01 (s, 3H). 1.82 (r., 2H).. MS 590 (M+H)+.

1 H NMR 6 8.62 (br d, 1 H). 8.50 (d. 1 H). 8.27 (br d,

1H). 7.72 (dd, 1H). 7.53 (m, 4H), 7.38 (m. 5H), 5.35

(s. 2H), 4.30 (m. 1H). 3.30 (m. 2H). 2.23 (m. 2H).

2.01 (s, 3H). 1.82 (m. 2H). MS 528 (M+H)+.

1 H NMR 8 8.57 (d, 1 H). 8.43 (br s. 1 H), 8.40 (d.

1H). 8.33 (d, 2H), 8.24 (br d, 1H), 8.15 (d. 1H), 7.70

(m, 4H), 7.46 (m. 3H). 7.36 (d. 1H). 7.27 (m, 5H).

5.28 (s. 2H), 4.25 (m, 1H). 1.90 (m. 2H), 1.82 (s.

3H), 1.57 (m. 1H), 1.40 (m. 1H). MS 626 (M+H)*

1 H NMR 5 8.62 (s. 1 H). 8.54 (br d. 1 H). 8.36 (d.

1H), 8.23 (d. 1H). 8.16 (m. 2H). 8.09 (d,1H), 7.85

(dd. 1 H), 7.74 (m, 2H), 7.44 (m. 3H), 7.33 (m. 4H).

7.15 (m, 3H). 5.26 (s, 2H), 4.27 (m. 1H). 2.10 (m.

2H), 1 .93 (s, 3H), 1 .70 (m, 2H). MS MS 626

(M+H)*.

'H NMR 5 8.57 (d, 1H),8.41 (m. 3H), 8.20 (dd. 1H).

8.16 (d. 2H), 7.50 (m. 3H). 7.41 (d. 1H). 7.34 (m.

3H), 7.26 (m. 3H), 5.28 (s. 2H), 4.24 (m, 1H). 2.16

(m, 2H), 1.97 (s. 3H), 1.72 (m. 2H). MS 621

(M+H)+.
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2-tolyl 1 H NMR 5 8.55 (d.1 H), 8.51 (br s, 1 H), 8.29 (br d.

1H), 7.96 (dd. 1H), 7.73 (brdd. 1H), 7.60 (m, 1H),

7.50 (m, 3H), 7.41 (m, 3H), 7.32 (m. 2H), 7.26 (m,

3H), 5.33 (s, 2H), 4.30 (m, 1H). 2.58 (s. 3H). 2.10
(m, 2H), 1.97 (s. 3H), 1.70 (m. 2H). MS 590
(M+H)+.

5

10

15

20

N-N
'.C-CF3

J
H

SCH3

Example ias

2-DhenYlbftn^mjrto

Example

1 •{ ft/-tert-bUtQxvparbonv)-3-thiomethvlprnnyl. 1 -amidagonfl hyrimi^Hn
To a solution in acetone (4 mL) of AMert-butoxycarbonylmethionine amide (940

mg, 3.56 mmol), prepared as in Example 1 10A, was added iodomethane (0.265 mL. 4.26
mmol). The reaction mixture was stirred for 2.5 hours, additional iodomethane (0.5 mL.
8.0 mmol) was added and stirring was continued for 2 hours. The reaction mixture was
diluted with ether and filtered, and the filtrated was concentrated in vacuo to give a yellow
solid. The solid was taken up in methanol (3 mL) and cooled to 0 °C and a solution of
hydrazine (0.1 15 mL. 3.67 mmol) in methanol (3 mL) was added dropwise over about 5
minutes. The reaction mixture was stirred for 4 hours. The reaction mixture was diluted
with ether and the cloudy solution was left standing in the refrigerator overnight The
supernatant was decanted from a pink oil which separated off and the oil was dried under
high vacuum to give 1-(AAtert-butoxycarbony)-3-thiomethylpropyl-1-amida2one

hydroidide (850 mg) as a pink glass.

25
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Example 13SR

2-f 1 -f /V-fgrf-butQXVcarbonvlaminoW2.thiQm»thYlDronVl1-S.trifl.,r
Tr0methvl-f 1 H-1 fl 4JHiflzole,

To a 0 °C slurry of 1-(/V-tert-butoxycarbony)-3-thiomethylpropyl-1-amidazone

hydroidide (780 mg, 2.0 mmol), prepared as in Example 135A, in toluene (20 mL) was
added pyridine (0.54 mL, 6.7 mmol) and trifluoroacetic anhydride (0.26 mL, 1 .8 mmol)
and the reaction mixture was stirred and warmed to ambient temperature over 4.5 hours
during which a substantial amount of solid formed. THF (30 mL) was added to form a
solution and the reaction mixture was stirred for 2.5 days. The reaction mixture was
diluted with ethyl acetate and washed with aqueous 1M H3PO4 and brine, dried over
sodium sulfate, filtered and concentrated in vacuo. Chromatography on silica gel (25%
ethyl acetate-hexane) gave the desired compound (76 mg).

Exampifti^n

2-f 1 •amino.2-thiQmBthvlpropvll-5-trifluoromethvl.n H.1 3.4ttria20 |e hvrirnrhtnri^

The desired compound was prepared by treatment of the product of Example
1 35B with 4N HCI-dioxane using the procedure of Example 1 10C.

ExamolBiasn

N-f3-fmethvithiQH-(2-trifluprom^^

2.Dhenvlbflnyami^a

The desired compound was prepared by coupling of 2-[1-amino-2-

thiomethylpropyl]-5-trifluoromethyl-(1H-1,3.4)triazole hydrochloride, prepared as in

Example 135C and 4-(3-pyridylmethyloxy)-2-phenylbenzoic acid, prepared as in Example
1 01 D using the method of Example 52A. 1 H NMR (300 MHz,. DMSO-d6) 5 8.66 (br

d,1H). 8.38 (d, 1H), 8.18 (d, 1H), 7.61 (d, 1H), 7.53 (dd, 1H), 7.45 (ddd, 1H). 7.35 (dd.

1H). 7.28 (br s. 1H), 7.20-7.00 (envelope, 4H), 5.27 (s. 2H). 5.06 (m, 1H). 2.20 (m, 2H),
2.00 (m. 8H). MS (ESI) m/e 542 (M+H)+. Anal calcd for C27H26F3N5O2S 0.5 H20: C,
58.90; H, 4.94; N, 12.72. Found: C, 58.85; H, 4.56; N. 12.84.
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Example 13S

{^r2-(PYrid-3-Yl)ffthftnvll^-f2-methvlDhftnvhbenzOVHmpthionine mBthyl ggfet
The desired compound was prepared according to the method of Example 76,

except substituting 2-methylphenylboronic acid for phenylboronic acid. 1H NMR (300
MHz. CDCI3 ) 8 8.74 (d. 1H). 8.52 (d. 1H). 8.01 (dd, 1H). 7.88 (dd. 1H), 7.62 (dd. 1H),
7.40-7.28 (m. 6H), 7.19.7.18 (2 d's, 2H). 5.95 (d. 1H). 4.65 (m, 1H). 3.67 (s, 3H).
2.23.2.11 (2 s's, 3H), 2.10-2.00 (m. 2H). 2.03 (s. 3 H), 1.89 (m. 1H). 1.61 (m. 1H). MS
(O) m/e 484 (M+H)+.

Example 137

{4-f2-fPYrid'3-Yl)^hPnvll-2-(2-methvlnhenVhben?oviimPthionine snhi,m^
To a solution of {4-f2-(pyrid-3-yl)ethenyl]-2-(2-methylphenyl)benzoyl}methionine

methyl ester, prepared as in Example 136. (3.285 g. 7.13 mmol) in methanol (10 mL)
was added a solution of sodium hydroxide (0.979 U, 7.35 mL). After 15 hours, the
solvent was evaporated in vacuo to give the title compound (3.35 g. 1 00%). 1 H NMR
(300 MHz, DMSO-de) 58.79 (d. 1H). 8.46 (dd, 1H), 8.05 (dt, 1H), 7.70-7.53 (m, 3H),
7.48 -7.37 (m, 4H). 7.27-7.18 (m, 3H),6.97 (m, 1H), 3.50 (m, 1H), 2.21,2.03 (2 s's, 3H),
2.00-1.92 (m, 2H), 1.93 (s, 3H). 1.70 (m, 1H), 1.58 (m, 1H). MS (APCI) m/e 445 (M-H)-
as the acid form.
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N

NHS02-(4-tolyl)

Example 13ft

{4-f2'(pYrid-3-vl)eth9nYll^-f2-methvlDhenvhben?QViimAthinnine 4-tQlvk.iifnnar^^o
The desired compound was prepared according to the method of Example 125,

except substituting {4-[2-(pyrid-3-yl)ethenylI-2-(2-methylphenyl)benzoyl}methionine.

prepared as in Example 137, for (4-(3-pyridyloxymethyl)-2-phenylbenzoyl]methionine.

1H NMR (500 MHz. DMSO-d6) 8 8.50 (d. 1H), 8.13 (d, 1H). 8.07 (br s, 1H), 7.78 (d. 2H),

7.68 (d. 1H). 7.62 (m, 1H), 7.57-7.40 (envelope 7H), 7.24-7.04 (envelope, 4H). 4.19 (m,

1H). 2.41 (s. 3H), 2.17-1.95 (envelope, 5H), 1.94 (s. 3H), 1.64 (m. 2H). MS (APCI) m/e
600 (M+H)* 617 (M+NH4)+ . Anal calcd for C33H33N3O4S2 0.6 H20: C. 64.92; H. 5.65;

N, 6.88. Found: C. 64.95; H. 5.62; N, 6.19.

Example 139

(4-f2-(1 H-1 'imida20lVl)ethenvl1-2-(2-methvlDhenvnben?ovl1methionine sodium^
Example 13QA

(4-f2-(1 H-1-imidaZQlVl)ethenvn-2-f2-methvlphenvhhfln7nvl^methionine methvl sstsr

The desired compound was prepared according to the method of Example 136.

except substituting 1-vinylimidizole for 3-vinylpyridine.

(4-f2-d H-1 -imidaZ0»Yhethenvll-2-(2-methvlnhenvhbenzoVHmethionine sodium salt

The desired compound was prepared by saponification of the compound of

Example 139A according to the method of Example 137. 1 H NMR (300 MHz. DMSO-
d6 ): 5 8.00 (d. 1H), 7.95 (d. 1H). 7.69 (s. 1H), 7.61-7.51 (m, 2H). 7.37-6.92 (m. 8H).

Example 139R
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2.20.2.00 (2 s's. 3H), 2.00-1 .92 (m, 2H), 1 .93 (s. 3H). 1 .70 (m, 1H). 1.58 (m, 1 H) MS
(APCI) m/e 434 (M-H)~ as the acid form.

Example mn
(4-f2-(1H-1-imirta7oiyi)^

Example 14DA

(4-f2-f 1 H-1 •imic1a70lYl)ftthvl1-?-f2-methvinhftnvnhen7n^}m^.r
fn |ne mflthvl^

Amixtureofthe product of Example 139A(171 mg, 0.38 mmol) and palladium
(10%) on carbon (489 mg, 0.46 mmol of palladium) in methanol was flushed with
hydrogen, and stirred under a hydrogen balloon for 5 hours. The mixture was then
filtered through Celite, rinsed with ethyl acetate, and concentrated in vacuo. The
residue was purified by column chromatography (5% methanol-ethyl acetate) to give the
title compound (97 mg, 56%).

Example lAnq

(4-f2-f 1 H-1 -imi^70lYl)ethV^2-(2-methvlnhenvhben7nyl)fpAthionine snHjun^
The desired compound was prepared by saponification of the product of Example

140A using the procedure of Example 137. 1H NMR (300 MHz, DMSO-d6 ) 6 7.62 (s

1H), 7.51 (s. 1H), 7.44 (d, 1H), 7.36-7.14 (m, 5H), 6.98-6.82 (m, 3H). MS (APCI -) m/e
436 (M-H)- as the acid form.
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SMe

N C02Na

Example 141

f4-(4-methvlDvrif1-3-vlaminomethvn.9.phenvlben?nyl)methiQninfl snrt
„m^

Example 141

A

4-methvl-3-aminnpyPdjnft
A mixture of 4-methyl-3-nitropyridine (414.4 mg, 3 mmol) and palladium (10%) on

carbon (100 mg) in methanol (5 mL) was flushed with hydrogen, and stirred under a
hydrogen balloon for 5 hours. The mixture was then filtered through Celite, rinsed with
methanol, and concentrated in vacuo. The residue was used without further purification.

Example 141

B

4-f4-methvlPVrid-3-vlaminomethvn.2.nhenVihBnzoic acid methyl
ftfftor

A mixture of 4-methyl-3-aminopyridine (3.0 mmol), prepared as in Example 141 A.

4-carboxaldehyde-2-phenylbenzoic acid methyl ester (480 mg, 2 mmol), prepared as in

Example 39B, molecular sieves (size 4A, 1 g) and p-toluenesulfonic acid (10 mg) in

toluene (3 mL) were stirred at 80 °C for 6 hours. After the reaction was cooled to room
temperature. THF (2 mL), sodium borohydride (200 mg, 6 mmol), and ethanol (2 mL)
was added to the reaction mixture sequentially. After 15 hours at room temperature, the
reaction mixture was filtered through Celite and rinsed with ethyl acetate (80 mL). The
organic phase was washed with saturated aqueous ammonium chloride, water and
brine, dried over anhydrous sodium sulfate, filtered and concentrated in vacuo. The
residue was then purified by column chromatography (ethyl ether) to give the title

compound (454 mg, 66%).

Example 141C

(4-(4-m9thYlPYrid-3-vMminomethvn-P-nhenvlben7Qvllmflthionine rmthyl gglfij
A solution of the product of Example 141B (446 mg, 1.3 mmol) and aqueous

saturated lithium hydroxide (3 mL) in methanol (5 mL) was heated at 60 °C for 15 hours.
The reaction mixture was then neutralized with hydrogen chloride (4 & in dioxane. 5
mL). The reaction mixture was concentrated in vacuo to dryness. To the residue was
added sequentially L-methionine methyl ester hydrochloride (31 1 mg, 1.56 mmol), 3-
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hydroxy 1 ,2.3-benzotriazin-4(3H)-one (31 8 mg, 1.95 mmol), 1 -(3-dimethylaminopropyQ-
3-ethylcarbodiimide (374 mg, 1.95 mmol), THF (10 mL) and pyridine (1 mL). After 15
hours, the reaction mixture was diluted with ethyl acetate, washed with water and brine
dned over anhydrous magnesium sulfate, filtered and concentrated in vacuo. The
residue was then purified by column chromatography (ethyl acetate) to give the title

compound.

Examptei4iQ

The desired compound was prepared by saponification of the product of Example
141C using the procedure of Example 137. 1H NMR (300 MHz, DMSO-d6 ) 5 7.72 (s
1H). 7.70 (d, 1H), 7.41-7.36 (m. 7H), 7.15 (d, 1H), 6.96 (d, 1H), 5.93 (brt. 1H). 4 49 (d
2H), 3.78 (m, 1H), 2.17 (s, 3H). 2.16-2.02 (m, 2H), 1.95 (s, 3H), 1.85-1.08 (m 2 H) MS
(APCI +) m/e 450 (M+H)*.

Examnlfl14?

f4-(4-m9th0Xvnvrid-3-vlaminom6thvh.9.ph^nvlben7nVl)mAthionin6 snrii, ,m c^it

The desired compound was prepared according to the method of Example 141,
except substituting 4-methoxy-3-nitropyridine for 4-methyl-3-nitropyridine. 'H NMR (300
MHz. DMSO-de) 5 7.75 (d, 1H), 7.66 (s, 1H), 7.40-7.30 (m, 7H), 7.13 (d, 1H), 6.83 (d,

1H), 5.77 (t, 1H), 4.42 (d. 1H). 3.86 (s, 3H), 3.73 (m, 1H), 2.10 (m, 2H), 1.95 (s, 3H)
1 75 (m, 2H). MS (APCI*) m/e 466 (M+H)+.
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Example 143

f4-(4-trifluQromethvlDvrid-3>vlcarbonvlaminoW2.phenVihen2ovl1methionine sodium gajl

Example 143A

f4-(4-trifluoromethvlPvrid-3-vlcarboxvaminoW2.phenylbenzovllmethionine math^ l

A mixture of 4-trifluoromethylnicotinic acid (100 mg, 0.523 mmol), (4-amino-2-

phenylbenzoyl)methionine methyl ester hydrochloride (206 mg, 0.52 mmol), prepared as
in Example 59B, 3-hydroxy1,2,3-benzotriazin-4(3W)-one (120 mg, 0.628 mmol), 1-(3-

dimethylaminopropyl)-3-ethylcarbodiimide (125 mg, 0.628 mmol) in THF (5 mL) was
stirred 15 hours. The reaction mixture was diluted with ethyl acetate . washed with

water and brine, dried over anhydrous magnesium sulfate, filtered and concentrated in

vacuo. The residue was purified by column chromatography (50% ethyl acetate-

hexane) to give the title compound (157 mg, 57%).

Example 143B

f4-(4-trifluQromethvlPvrid-3-vlcarbonvlamino^2-ph6nvlben2ovl1methionine sodium salt

The desired compound was prepared by saponification of the product of Example
143A using the procedure of Example 137. iH NMR (300 MHz, DMSO-d6) 5 10.99 (br

s, 1H), 9.03 (s. 1H), 8.97 (d, 1H), 7.89 (d. 1H), 7.72 (d, 1H), 7.68 (dd. 1H), 7.48 (d, 1H),

7.41-32 (m, 5H), 7.12 (d. 1H),3.77(m, 1H), 2.10 (m. 2H), 2.01 (S.3H), 1.75 (m, 2H).

MS (APCI+) m/e 518 (M+H)+
.
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Example 144

(4-[2-(3-PVridv)-2-hvdfDXVethVl1.P.phanvlhAn7nyl}methiQninfl snriinm
ftp <t npH

{4-f2-f3-Pvridv)-1-hvdroxvethvl1-2.DhBnyihQn2Qvnmflthinnine sodium^
Example 144A,

4-f2'f3~Prvidvnethenvl1-2-Phenvlben7nir add methvl ester

A mixture of the 4-iodo-2-phenylbenzoic acid methyl ester (6.1 1 g. 18.1 mmol),
prepared as in Example 76C, 3-vinylpyridine (2.85 g, 27. 1 mmol), prepared as in

Example 76E, [1.1'-bis(diphenylphosphino)ferroceneJpalladium(ll) chloride, complexed
to dichloromethane (1:1) (444 mg, 0.543 mmol) and triethylamine (5.05 g, 36.2mmol), ii

1-methyl-2-pyrrolidinone (30 mL) was degassed with nitrogen and heated at 80 °C for

1 8 hours. The reaction mixture was diluted with ether, filtered through silica gel, and
rinsed with ethyl acetate. The filtrate was washed with water and brine, dried over
anhydrous magnesium sulfate, filtered and concentrated in vacuo. The residue was
purified by column chromatography (30% ethyl acetate-hexane) to give the title

compound (4.82 g, 84%).

Example 144B

4-f2-<3-PmdVlH ?-f1ihvdrOXVethvl1-?-nhenVlb6nynir. arid methvl ester

To a solution of the product of Example 144A (575 mg, 1.83 mmol), 4-

methylmorpholine /V-oxide (642 mg, 5.48 mmol), methylsulfonamide (174 mg, 1.83
mmol) amd quinuclidine (203 mg, 1.83 mmol) in tert-butanol (5 mL) and water (5mL)
was added a solution of osmium tetraoxide (2.5 wt% in fert-butanol. 1 .2 mL, 0.091
mmol). The mixture was then stirred at 70 °C for 5 hours. The reaction mixture was
diluted with ethyl acetate, washed with water and brine, dried over anhydrous sodium
sulfate, filtered, and concentrated in vacuo. The residue was purified by column
chromatography (ethyl acetate and 2% methanol-ethyl acetate) to give the title

compound (323 mg, 51 %).
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Example 144C

4-f2-Q-PIVitivlH ,2-tiihYdroxyethvl thio ketall-2-ohenvlbenzoic acid m»thy i »^>r

A solution o* the product of Example 144B (250 mg, 0.716 mmol) and 1,1".

thiocarbonyldiimidazole (171 mg, 0.86 mmol) in THF (5 ml_) was stirred at 50 °C for 5
hours. The reaction mixture was diluted with ether , washed with saturated aqueous
ammonium chloride, water and brine, dried over anhydrous magnesium sulfate, filtered

and concentrated in vacuo. The residue was purified by column chromatography (50%
ethyl acetate-hexane) to give the title compound (227 mg, 81%).

Example 144D

4-f2-(3-PrYidYl)-1»hvdroxvethvn-2-phenvlb8n?pie acid methvl ester am
4'f2-0-prvidvl)-2-hvdroxvethvl1-2.ohBnVihftnyoic acid mathvi PstAr

A solution of the product of Example 144C (220 mg, 0.562 mmol). tributyltin

hydride (0.30 mL, 1.1 mmol) and azobisisobutyronitrile (AIBN, 10 mg) in toluene was
heated at 1 10 °C for 2 hours. The reaction mixture was diluted with ether, washed with

10% aqueous sodium hydroxide, water and brine, dried over anhydrous magnesium
sulfate, filtered and concentrated in vacuo. The residue was purified by column

chromatography (20%. then 50% ethyl acetate-hexane, then ethyl acetate) to give the

bis-deoxy compound as the first fraction (53 mg, 30%), and the desired product as the

second fraction (1 17 mg, 63%, a mixture of two regioisomers).

Example 144E

{4-f2-(3-DVridv)-2-hvdroxvethvn-2-phBnvlben?ovnmfithionine sodium salt anrt

{4-f2-(3-PVridY)~1 •hvdroxvethvl1-2.Dhenvlben?Qv»mBthir,nine sodium salt

The desired compounds were prepared from the product of Example 144D
according to the method of Examples 141C and D. 1 H NMR (300 MHz, DMSO-d6 ) 5

8.61-8.37 (m. 2H), 7.79-7.60 (m, 1H), 6.02-7.00 (m, 10H). 3.88 (m, 1H),3.77 (m, 1H).

2.95 (m. 2H), 2.15-2.02 (m. 2H), 2.00.1.99.1.96.1.95 (4 s's. 3H), 1.90-1.70 (m. 2H). MS
(APCI+) m/e 451 (M+H)+ .
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Examples 145.1

Example

{4-f2-fPYrid-3'Yl)ftthPnvll-2'(2-methvlnhenvl>b8n7nyi}mo
th

i»n ,ne hlJtvl ^tfr

{4-(2-(pyrid-3-yl)ethenyl]-2-(2-methylphenyl)ben2oyl}methionine (138 mg 0 30
mmol) was heated at 100°C for 2 hours in n-butanol (5 mL) with 1 drop of H2S04 The
reaction was evaporated to dryness, partitioned between ethyl acetate and 5%
NaHC03 ,

washed with water and brine, and dried over Na2S04 to provide the title
compound in 86% yield, i H NMR (CDCI3, 300 MHz) 8 0.92 (t. 3H). 1 .35 (m 2H) 1 60
(m, 2H), 1.86 (m, 1H), 2.1 (m. 9H), 4.08 (m, 2H), 4.62 (m, 1H), 5.97 (d, 1H), 7 18-8 04
(m. 1 1 H), 8.53 (s, 1 H), 8.77 (s, 1 H). MS m/e 503 (M+H)+.

Example 14fi

N-f4-ffrF\riflvlftthV|onvl)-?-(2^
gslef

{4-[2-(pyrid-3.yl)ethenyl]-2-(2-methylphenyl)benzoyl}methionine (50 mg 0 1

1

mmol). 1-octadecanol (30 mg. 0.1 1 mmol). and carbonyldiimidazole (18 mg. o'l 1 mmol)
were combined and dissolved in THF (2 mL) and heated to reflux for 18 hours The
mixture was diluted with ethyl acetate and washed with 5% NaHC03 and brine and
dned over Na2S04 . Flash chromatography (50% ethyl acetate-hexane. provided the
title compound (35.4 mg). MS m/e 699 (M+H)+.

Example 147

{4-f2-(pvrirt-3-Vl)ethenvll-?-f^^

ester

The desired compound was prepared according to the method of Example 145
except substituting N.N-dimethylethanolamine for n-butanol. 1 H NMR (CDCh 300
MHz) S 1.62 (m. 1H). 1.87 (m. 1H), 2.1 (m. 12H). 2.40 (m. 4H). 2.72 (m. 1H) 4 28 (m
1H). 4.59 (m. 1H). 6.05 (m. 1H). 7.18-8.03 (m. 11H). 8.52 (m. 1H). 8.75 (m 1H) MS
m/e518(M+H)+.

'
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• Example 14ft

(4-f2-(PYrid-3'Vl)9th9nvl1-2-f2-me1hvlDhftnvhben70x/nmflthinnine acetMoxymethvl ester

{4-[2-(pyrid-3-yl)ethenyl)-2-(2-methy«phenyl)benzoyl}methionine (75 mg, 0.17
mmol), bromomethyl acetate (26 mg, 0.17 mmol), and potassium iodide (9 mg. 0.06
mmol) were dissolved h DMF (2 mL), treated with sodium hydride (60% suspension in

mineral oil. 6.7 mg, 0.17 mmol). and heated at 100°C for 8 hours. The mixture was
diluted with ethyl acetate, washed with 5% NaHC03 and brine and dried over sodium
sulfate. Chromatography on silica gel (50% ethyl acetate-hexane) afforded the title

compound. NMR (CDCI3 . 300 MHz) 5 1.60 (m, 1H). 1.89 (m, 1H), 2.0-2.2 (m, 11H).

4.64 (m. 1H). 5.72 (m. 2H), 5.91 (m. 1H). 7.15-7.64 (m. 9H). 8.02 (m. 2H), 8.57 (m, 1H),

8.79 (m. 1 H). MS m/e 51 9 (M+H)+.

(4-f2-(PYrid-3-Vl)ethepvn-2-(2-methvlDhenvnhenzOVl1methiQnin6 oivalovloxvmethvl *Kt»r

The desired compound was prepared according to the method of Example 148.

except substituting chloromethyl pivalate for bromomethyl acetate. 1 H NMR (CDCI3,

300 MHz) 81.19 (s. 9H). 1.59 (m, 1H), 1.84 (m, 1H), 2.1 (m, 8H), 4.63 (m. 1H). 5.72 (m.

2H). 5.88 (m. 1H), 7.15-7.41 (m. 8H). 7.62 (m, 1H), 8.0 ( m. 2H), 8.54 (m, 1H). 8.77 (m.

1H). MS m/e 561 (M+H)+.

Example 150

r4-(4-pYndyl-f-btiMdime^ sa ,

t

Example i5QA

4-(4-PvridYlhVdroyvmethvl)-?-nhftnvlbenzoic acid methvl ester

A solution of 4-bromopyridine (0.32 g, 2.0 mmol) in ether (10 mL) was cooled to

78°C and treated with butyllithium. After 10 minutes. 4-carboxaldehyde-2-

Examole 149

OTBS

SMe
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phenylbenzoic acid methyl ester (0.53 g, 2.2 mmol), prepared as in Example 160B, in

ether (5 mL) was added. Stirring was continued for 15 minutes before allowing the
reaction to warm to ambient temperature over 2 hours. The reaction mixture was
evaporated to dryness. The residue was dissolved in ethyl acetate and washed with
water and brine, dried and concentrated. Chromatography on silica gel (ethyl acetate)
gave the title compound (769 mg).

Example

4-(4-PYridyl-f»t?iitYl<1imftthvhilvloxvmethvn.p.nhQnVihpn^ir^ rnsm ester
4-(4-Pyridylhydroxymethyl)-2-phenylbenzoic acid methyl ester (769 mg, 2.41

rr.mol), prepared as in Example 150A, diisopropylethylamine (0.84 mL. 4.8 mmol) and t-

butyldimethylsilyl triflate (1 .1 mL, 4.8 mmol) were dissolved in methylene chloride (50
mL) and stirred for 18 hours. TLC indicated the presence of the alcohol so additional
base (1 mL) and triflate (0.5 mL) were added. After 15 minutes, all starting alcohol was
consumed. The reaction mixture was washed with water, 5% NaHC03 , and brine, dried
over Na2S04 .

and concentrated. Chromatography on silica gel (20% ethyl acetate-
hexane) provided the desired compound in a 93% yield.

Example jfinf!

4-(4-Pvrtdvl-NbutVldim6thVkilx/lnYvmethvU.9.ph«nYlben7nir anft

4-(4-Pyridyl-/-butyldimethylsilyloxymethyl)-2-phenylbenzoic acid methyl ester
(0.97 g, 2.24 mmol), prepared as in Example 150B, was dissolved in methanol.
Saturated aqueous LiOH (1 mL) was added, and the solution was reluxed overnight.
The reaction was evaporated to dryness and partititioned between ethyl acetate and
water. The organic layer was dried over Na2S04 to provide the title compound in 27%
yield.

Example isnn

f^K-Pyridvl-frbtitYltiimeM^ mpthx/loctfr

^
The desired compound was prepared by coupling of the product of Example

1 50C and methionine methyl ester hydrochloride.

Example 1SOF

f4-(4-pvriqy|.r-hutYld^

[4-(4-pyridyl-f-butyldimethylsilyloxymethyl).2-phenylbenzoyl)methionine methyl
ester (25.0 mg, 44 umol), prepared as in Example 150D, was dissolved in methanol (5
mL) and stirred with NaOH (1.0 M, 44 umol) at 55'C for 72 hours. The reaction was
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evaporated to dryness and lyophilized from water to provide the title compound (19.4).

'H NMR (d6-DMSO. 300 MHz) 6 0.03 (s, 6H), 0.91 (s. 9H). 1 .75 (m, 1H). 1.96 (m, 3H).

2.09 (m, 1H), 2.5 (m. 2H), 3.75 (m, 1H), 6.02 (s. 1H), 7.2-7.5 (m, 10H), 8.50 (m. 2H).

MS m/e 551 (M+H)+.

OH

Site

Example 151

r4-f4-DVridvlhvdroxvmethvn-2-ohBnvlben2Qvnmethionine sodium «ait

The desired compound was prepared from 4-(4-Pyridyihydroxymethyl)-2-

phenylbenzoic acid methyl ester, prepared as in Example 297A according to the method
of Examples 150C, D, and E. 1 H NMR (CDCI3 , 300 MHz) 5 1.78 (m. 1H), 1.96 (m. 3H),

2.09 (m, 3H), 3.73 (m, 1H), 5.80 (s, 1H), 7.13 (m, 1H), 7.2-7.5 (m, 10H), 8.48 (m. 2H).

MS m/e 437 (M+H)+.

SCH3

Example 152

f4-f3-DVridvlcarbonvlaminoW2.f2.methvlphenvnb6nzovnmethionine methyl estar

To a stirred solution of the [4-amino-2-(2-methylphenyl)benzoyl]methionine

methyl ester (85 mg, 0.23 mmol) in CH2CI2 (5 mL) was added nicotinic acid chloride

hydrochloride (81 mg, 0.46 mmol) and saturated NaHC03 (2 mL). The reaction was
stirred at ambient temperature for 2 hours. The reaction was diluted with CH2CI2 (10

mL), the layers were separated and the organic layer washed with saturated aqueous
NaHC03 (5 mL), dried (MgS04) and concentrated in vacuo. Flash chromatography

(CH2Cl2-methanol 50:1) and crystallization from ethyl acetate gave the desired

compound (87 mg, 80%) as a white powder. 1 H NMR (300 MHz, CDCI3) 6 9. 10 (dd.

1 H, J= 2.4, 1 .0 Hz), 8.80 (dd. 1 H. J= 4.7, 1 .7 Hz), 8.21 (ddd. 1 H, J= 7.8. 2.4, 1 .7 Hz).
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8.09-8.00 (m, 2H). 7.71-7.66 (m. 1H). 7.64-7.61 (m, 1H), 7.46 (ddd. 1H, J=7.8 4 7 1 0
HZ). 7.35-7.20 (m. 4H), S.92 (bd, J=7.5 Hz), 4.67-4.57 (m, 1H), 3.66 (s. 3H), 2.23-2 01
(4s and m.8H). 2.1 3-2.00 <m, 1H), 1.65-1.52(m, 1H). MS m/z 478(M+ 1)*

s^COaH
i

SCH3

Exampto iga

f4-(3'PYrirtYlrart70PYNminQ)»2-f?.mft1hvlnhenvl^hpn^Ytimothhn ;r
^

To a stirred solution of the product of Example 300 (140 mg, 0.29 mmol) in THF
(6 mL) was added a solution of LiOH.H20 (37 mg, 88 mmol) in H20 (1 mL) and the
resulting solution stirred for 2 hours at ambient temperature. The reaction was
concentrated in vacuo and 1 N HCI was added to the residue. The resulting precipitatewas filtered and washed with H20. Lyopholization gave the title compound (87 mg
59%) as a white powder. 1H NMR (300 MHz, DMSO-d6, 90 °C) 5 9.12 (d, 1H J=24
Hz), 8.74 (dd, 1H, Js 4.9, 1 .9 Hz), 8.31 (dt. 1 H, J= 7.9, 1 .8 Hz), 7.84 (dd, 1 H, J= 7 9 1 8
Hz), 7.63 (s. 1H), 7.61 (d, 1H, J=2.4 Hz), 7.54 (dd, 1H, J=7.9, 4.9 Hz), 7.45 (d 1H 'J=
7.9 Hz), 7.23-7.21 (m, 2H)

, 7.19-7.15 (m, 2H), 4.30-4.26 (m, 1H), 2.28-2.22 (m 1H)
2.20-2.14 (m. 1H), 2.11 (s, 3H). 1.98 (s, 3H), 1.88-1.81 (m, 1H), i.75-1.68 (m 1H) MSm/z 464 (M+1 ), 446. Anal calcd for C25H25N3O4S HCLOS H20 (509.01 ): C 58 99
H, 5.35; N, 8.26. Found: C, 59.38; H, 5.49; N. 7.89.
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Examples 154-156

Example 154

f4-(3-PVridvlQxvmethvn-2W2-trifluQromethvlphenVhhen2Qvl1m6thinnin<,

Example 1S4A

4-hvroxvmethvl-2-aminoben7oift arid methvl ester

To a solution of dimethylaminoterphthalate (3.07 g,-14.7 mmol) in 30 mL of a 2:1

mixture of THF
: Et20 at -78°C was added neat DIBAL (6.27 g, 44.1 mmol. 3.0 eq.) and

the reaction was warmed to 0 °C over 4 hours. The reaction was quenched with 5 mL of

methanol followed by 5 mL of saturated aqueous sodium tartrate. The mixture was
stirred overnight and then was taken up in ethyl acetate. The layers were separated and
the ethyl acetate layer was washed with saturated aqueous NaHCOaand brine and then

dried over Na2S04, filtered and evaporated to an oil. Purification by chromatography on
silica gel (50% ethyl acetate-hexane) gave the desired compound (1 .03 g, 39%) of 1b as
a colorless oil.

Example 1S4B

4-hvdroxvmethvl-2-aminobanzoin acid methvl ester

To a stirred solution of the product of Example 154A (152 mg, 0.84 mmol) in

acetone (20 mL) and 3N H2S04 (20 mL) at -15 °C was added a solution of NaN02

(1 .34 g, 19.4 mmol) in H20 (10 mL) dropwise by addition funnel. After the addition was
complete, urea (210 mg, 3.52 mmol) was added followed by a solution of Kl (5.1 1 g,

30.8 mmol) in H20 (5 mL), the ice bath was removed, and the reaction warmed to

ambient temperature. After 2 hours, the reaction was quenched with saturated aqueous
NaHSC>3 and the acetone was evaporated. The aqueous layer was extracted with ethyl

acetate (3x). The combined ethyl acetate layers were dried over Na2S04, filtered and
evaporated to an oil. Purification by chromatography on silica gel (25% ethyl acetate-

hexane) gave the iodide (4.31 g, 84%) as a light yellow oil.
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Examolfl j^Q
4r(3-DvridvloxvmethyiU9. |r1fTt)6n70ir affi^^^

£0 mL) was added SOC«2 and LiCI and the reaction was stirred at 25 »C for 5 minutesThe reason m,xture was taken up in ethy. acetate, washed with H20 (3x> and brine

20 6IT"T°4 ' fi,t6r6d^ eVaP°rat6d t0 an* ^ benzyl cJonde739 g

flowed b!r T
t0'Uene^ 18'CrOWn-6 (81? 9

'

30 9 mmol
>
-s added

followed by the potass.um salt of 3-pyndinol and the reaction was heated to reflux The
react,on was complete in 2 hours. The reaction mixture was cooled to ambient

TZTZT ^ H2° (3X)
'

dri6d
°V6r Na2S0«« filtered and evaporated toan o.l. Purrf,cat.on by chromatography on silica gel (gradient of 50% ethyl acetate-hexanes to 75-/0 ethy. acetate-hexanes) gave the desired pyridy. ether (3 01 g. 40%).

ExamnlA 1ff4P

4-f3-PvndYlnmfthvn-?-f?-triflMorQmpthy.phfnY| )hnn2oir ariri

in DMFrmnIU

!t
Pyridy ' 6ther Pr6Pared in Examp,e 154C

<
365 m9- 0-08 mmo.)

in DMF (4 mL) at 25 -C was added PdCWPPh,), (67 mg, 0.096 mmol. 1 0 mo.%)

Ttoll^'r
0^' b0f0niC 3Cid (366 "» 193 ™*> *"d Cs2C03 (629 mg,

1 .93 mmol) and the reaction was heated at 80 «C for 12 hours. The reaction was then
cooled and taken up in ethyl acetate. The organic phase was washed with H20 (5x)dned over Na2S04.

filtered and evaporated to an oil. Purification by radial
chromatography (gradient of 25% ethy. acetate-hexanes to 75% ethy. acetate-hexanes)
gave the desired compound (261 mg, 70%) as an oil.

Example* -|{y4g
4-(3-PYri^lo)(vmethvn.g.r9.trHi.,nnmrtriV|DhflnvhhQn7nirnn

.

Tl

mL i^ J™

°

f EXamP 'e 1 540 (241 m9> 0 62 mm0,) was disso,ved in methanol (5mL and saturated aqueous LiOH (1 mL) was added. The reaction was heated at reflux

to

miXtUfe W3S th6n 6Vap0rated and formic acid
<
1 m "-) was addedo acd.fy the crude product to PH3. The reaction was evaporated again to remove

formic ac,d and ethyl acetate (5 mL) and H20 (1 mL) were added to completely

a

S

nnt I"!
r6aCti0n miXtUfe

- ^ aqU8°US
'
ayer Was extracted ^hyl acetate (3x)and the ethy. acetate layers were combined and dried over Na2S04 . filtered and

evaporated to give the acid (23 1 mg, 1 00%).
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Example 154F

r4-(3-PYndYip)wmethyn-?w?^
flsigr

The product of Example 154E (231 mg, 0.62 mmol) was dissolved in DMF (4 mL)
and HOOBT (152mg. 0.93 mmol) was added followed by methionine methyl ester HCI
(185mg, 0.93 mmol), EDCI (179mg, 0.93 mmol) and Et3N (0.1 8mL. 1 .24 mmol). The
reaction was stirred for 12 hours at 25 °C and then was taken up in ethyl acetate and
washed with H20 (3x) and brine (3x). The ethyl acetate layer was dried over Na2S04 .

filtered and evaporated to an oil. Purification by radial chromatography (25% ethyl
acetate-hexanes to 50% ethyl acetate-hexanes to 5% methanol-ethyl acetate) gave the
desired compound (291 mg, 91%) as an oil.

Example 154fi

K-(3-PYndylOX7m9thYn-2-f?-triflUOromethvlnhenvhben7r.yl1m6thioninfl ny,
t
hY | ffftr

The product of Example 154F (291 mg, 0.56 mmol) was dissolved in THF(4 mL)
and saturated aqueous LiOH (1 mL). Water (1 mL) was added and the reaction mixture
was stirred at room temperature for 1 hour. The reaction mixture was thoroughly
evaporated and formic acid was added to pH3 The reaction was evaporated to dryness
and ethyl acetate (10 mL) was added followed by a minimum quantity of H20 (-1 mL) to
completely solubilize the free acid and the water soluble salts, respectively. The layers
were separated and the aqueous layer was extracted with ethyl acetate (3x). The ethyl
acetate layers were combined and dried over Na2SO<, filtered, and evaporated and then
lyophilized to give the title compound (242mg, 86%) as an amorphous white solid

1H
NMR (300 MHz, CD3OD) 88.30 (bs, 1H), 8.14 (m, 1H), 7.76 - 7.33 (m, 9H) . 5.28 (s.

2H). 4.87 - 4.40 (m, 1H), 2.40 - 2.06 (m, 2H), 2.04 - 1.94 (m, 4H contains methionine
SMe), 1 .92 - 1 .80 (m, 1 H). MS (CI) 505 (M+H)* 505. Anal calcd for C2SH23O4N2SF3:
0.65 H20 solvate: C, 58.17; H, 4.74; N , 5.43. Found: C. 58.17; H, 4.80; N, 5.31.
HRMS FAB Calcd m/z MH+ for C25H2304N2SF3 505.1409. found 505.1408.

Example 1SS

f4-0-pyridV|ox7mPthYh-2-(2-ethvlDhenvhben2Qvl1methionine methyl f^r
The desired compound was prepared according to the method of Example 154.

except substituting 2-ethylphenylboronic acid for 2-trifluoromethylphenylboronic acid. 'H
NMR (300 MHz, CD3OD) 8 8.30 (bs, 1H), 8.14 (d, J=4.4 Hz. 1H), 7.71 - 7.17 (m, 9H).

5.29 (s. 2H). 4.87 - 4.43 (m, 1H), 2.54 - 2.37 (m 2 H), 2.24 - 1.84 (m. 7H. contains SMe).
1 .90 - 1 .82 (m, 1 H), 1 .04 and 0.97 (rotameric triplets, J= 7.3 Hz. 3H). MS (CI) 465
(M+H)*. Anal calcd for C26H28O4N2S: 0.22 H20 solvate: C. 66.65; H, 6.12; N. 5.98.
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Found: C. 66.64; H, 6.22; N. 5.85. HRMS FAB Calcd m/z MH+ for C26H2804N2S
465.1848. found 465.1865.

Example ififi

[4-(3-pvridYloxYmPthYn»?-(2-8thvl[)hflnvnhen?«unmath^n jn9 methU |^
The desired compound was prepared according to the method of Example 154

except substituting 2-chlorophenylboronic acid for 2-trifluoromethylphenylboronic acid
H NMFt (500 MHz, CD3OD) 6 8.31 (bs. 1H), 8.14 (d. J=4.4 Hz, 1H), 7.70 - 7.34 <m 9H)
5.29 (s, 2H), 4.48 - 4.45 (m. 1H), 2.30 - 2.22 (m 1 H), 2.20 - 2.15 (m. 1H), 2.05 -

1 95 (m
4H,contains SMe), 1 .86 - 1 .76 (m. 1 H). MS (CI) 471 (M+H)*. Anal calcd for
C24H2304N2SCI

:
C. 61 .21

;
H. 4.92; N ,5.95. Found : C. 61 .31 ; H. 5.20: N, 5.61 HRMS

FAB Calcd m/z MH+ for C24H2304N2SCI 471.1145, found 471.1165.

Example 1S7

f4-(3-pvridYlQXYmethYn-?-(2-methvlnhftnv»^en2QViimflthinnine methvi^r
The desired compound was prepared by saponification of 4.(3-pyridyloxymethyl)-

2-(2-methylphenyl)benzoic acid methyl ester, prepared as in Example 70D, followed by
coupling with methionine methyl ester hydrochloride and saponification as described in
Examples 154E-G.

1

H NMR (300 MHz, CDCb) 6 8.40 (bs, 1H). 8.25 (dd, J=4.1 1 9 Hz
1H), 7.99 (dd, J-22.8, 8.1 Hz, 1H), 7.53 - 7.50 (m, 1H), 7.36 - 7.21 (m. 7H). 5.91 (bd jL
7.7 Hz. 1H (NH», 5.18 (s, 2H), 4.70 - 4.58 (m, 1 H), 3.66 (s, 3H. OMe), 2.18 - 2.00 (m
5H). 1.95 -1.82 (m. 1H). 1.65 - 1.55 (m. 4H, contains SMe). MS (CI) 465 (M+H)*. Anal
calcd for C26H2804N2S: 0.30 H20 solvate: C 66.45; H .6.13; N, 5.96. Found: C 66 45-
H, 6.15; N. 5.97. HRMS FAB Calcd m/z MH+ for CzeH^NaS 465.1848. found
465.1869.



WO 97/17070 PCT/US96/17092

195

Example 158

f4-(3-PVriC>VlmethvlaminoW2-f2-methvlnhenvhhflnynvnmethionine methyl P<^r

Example 158A

4-nitro-2-f2-methvlphanvl^ben7nir a riri

To a solution in 4:1 THF-water (20 mL) wasadded saturated aqueous LiOH (4

mL) and the reaction was stirred at reflux for 2 hours. The THF was evaporated and the

residue was acidified with 2 mL of formic acid, stripped and partitioned between ethyl

acetate and H20. The ethyl acetate layer was dried over Na2S04 , filtered and
evaporated to give the acid as an oil which solidified upon standing.

Example 1SflB

f4-nttro-2-f2-methvtDhenvnbenzovnmemiomne methvl ester

The product of Example 158A (604 mg, 2.35 mmol) and HOOBT (574 mg. 3.52

mmol) were dissolved in DMF (10 mL) and methionine methyl ester HCI (679 mg, 3.52

mmol) and EDCI (676 mg, 3.52 mmol) were added followed by Et3N ( 476 mg, 0.65 mL.
4.7 mmol). The reaction was stirred for 12 hours and then was taken up in ethyl acetate

and washed successively with brine (3x) and water (3x). The ethyl acetate layer was
dried over Na2SC>4, filtered and evaporated. Purification by chromatography on silica

gel (5% methanol-ethyl acetate) gave the desired compound (940mg, 98%).

Example 15BC

f4-aminO'2-f2-methvlPhenvnben7oyl^mBthionine methvl ester

To a solution of the product of Example 158B (940 mg, 2.33 mmol) in ethyl

acetate (50 mL) was added SnCI2.2H20 (1.85 g, 8.18 mmol) and the reaction was
heated at reflux for 1 hour. The reaction mixture was cooled and basified to pH8
gradually with solid NaHC03 , stirred overnight, and extracted with ethyl acetate. The
ethyl acetate extract was concentrated and the residue was purified by chromatography
on silica gel (5% methanol-ethyl acetate) to give the aniline (450mg, 52%) as an oil.
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Example Ififlp

[4-f3-PYridYlmftthVlflminn)-2-f2>methvlnhenvl^benynyllmQthiQnina ma!hY |

«
fttf

r

The aniline prepared in Example 158C (180 mg, 0.48 mmol) and 3-pyridine
carboxaldehyde (55 mg, 0.51 mmol) were combined in methanol (4 mL) and sodium
cyanoborohydride (48 mg, 0.77 mmol) was added followed by 100 mg of crushed
molecular sieves. The reaction was adjusted to pH6 with acetic acid and stirred at 25
°C for 3 hours. The reaction was concentrated and transferred directly to a column of
silica gel and purified by flash chromatography (5% methanol-ethyl acetate) to give the
title compound (182 mg, 82%) as an oil that solidified afler standing. 'H NMR (300
MHz. CD3OD) 88.54 (d. J=2.4 Hz. 1H), 8.40 (dd, J=5.1, 1.3 Hz. 1H). 7.84 (bd. J=8.4
Hz. 1H). 7.65 - 7.55 (m. 1H). 7.40 (dd. J= 7.8. 4.7 Hz. 1 H), 7.30 - 7.10 (m. 4H). 6 66 (dd
J-8.8. 2.3 Hz, 1H), 6.37 (d, J=2.3 Hz. 1H), 4.45 (s. 2H), 3.64 (s. 3H). 2.10 - 1.98 (m
8H), 1.90 - 1.78 (m. 1H). 1.65 - 1.55 (m. 1H). MS (CI) 464 (M+H)*. HRMS FAB Calcd
m/z MH+ for C26H29O3N3S 464.2008. found 464.2023.

Example 1SQ

f4-(3-PVridvlmflthvlaminoU9.f9.methvlnhAnyhben2Qvnmethinr1
ina

The desired compound was prepared by saponification of the product of Example
158 according to the method of Example 154G. 'H NMR (300 MHz. CD3OD) 5 8.81 (bs.
1H), 8.76 (bd, J= 11.8 Hz. 1H), 8.64 - 8.61 (m, 1H), 8.07 (dd, J-8.5. 6.1 Hz, 1H) 7 65 -

7.58 (m, 1H), 7.28 - 7.18 (m, 4H), 6.70 (dd, J=8.5, 2.4 Hz, 1H), 6.40 (d, J=2.3 Hz. 1H)
4.68 (s,2H), 4.44 - 4.38 (m. 1H). 2.14 - 1.99 (m, 8H). 1.90- 1.80 (m. 1H). 1.65-1.55 (m.
1H). MS (CI) 450 (M+H)*. Anal calcd for C25H28O3N3SCI: 1.10 H20 and 0.80 HCI
solvate: C. 56.12; H, 5.84; N, 7.85. Found: C. 56.11; H, 5.85; N. 8.03. HRMS FAB
Calcd m/z MH+ for C25H27O3N3S 450.1851 , found 450.1864.

SM«

Example IRQ

K-(3-PYridYlflminOcarhonvl).2.(?.methvlnhenvl1ben7nvnm0>hionina

The desired compound was prepared by saponification of [4-(3-

pyridylaminocarbonyl)-2-(2-methylphenyl)benzoyl]methionine according to the method of
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Example 154G. 'H NMR (300 MHz. CD3OD) 8.90 (bs, 1H), 8.32 - 8.25 (m. 2H). 8.1 1 -

8.05 (m. 1H). 7.85 (bs, 1H). 7.78 (d, J=8.1 Hz. 1H). 7.45(dd. J=8.5. 4.8 Hz. 1H), 7.28 -

7.18 (m. 5H). 4.50 - 4.40 (m. 1H). 2.20 - 1.65 (m. 10 H). MS (CI) 464 (M+H)*.

Example ifil

/V'f4.(3.DvridvlOXVmflthVH.2.^.mathy|DhenVl^n7nylV!>.a^iro^.

fmethvlsulfonvi\biitflnni>^
The desired compound was prepared according to the method of Example 85,

except substituting [4-(3-pyridyloxymethyl)-2-(2-methylphenyl)benzoyl]methionine methyl
ester, prepared as in Example 157, for {4-[2-(pyrid-3-yl)ethenyl]-2-

phenylbenzoyljmethionine methyl ester. 1 H NMR (300MHz. DMSO-d6) 5 8.40 (1H. d.

J=7 Hz), 8.37 (1H, d. J=7 Hz), 7.57 (2H, bs). 7.47 (1H. dd. J=6. 3 Hz), 7.33 (1H. dd. J=7
5 Hz), 7.30 (1H. s), 7.21 (2H. bs), 7.16 (2H, m), 5.25 (2H, s), 4.21 (1H, bs), 2.92 (3H, s).

2.83 (1H. m). 2.70 (4H. m), 2.05 (3H. bs), 1.90 (2H. m). MS (DCI. NH3 ) m/e 483 (M+H)+
Anal calcd for Cas^eNzO/S-l H20: C, 59.99; H, 5.64; N 5.60. Found C, 59.93; H. 5.60;
N. 5.45.

20

Example 1B9

2-f4-(3-PVridVlOXV)-2-Dhenvlbenyox/lnYy|^.thiomethVlbutyrir ?rtf

25 Example 1R9A

g-f4-(3-PYridY|oxv).?.Phenvlbenyovloxv1.4.thinmWthvlhutvric acid mpthwl Qc
tf r

To a mixture of 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid (305 mg, 1 .00 mmol)
and 2-(methanesulfonyloxy)-4.(thiomethyl)butyric acid methyl ester (231mg, 1.10 mmol)
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was added 6 mL of toluene and 180 uL of /V.AAdiethylisopropylamine. The mixture was
stirred at reflux for 21 hours, then was cooled to 25 °C and poured into aqueous 1 .2M
NaHC03 .

The layers were shaken and separated and the aqueous layer was extracted
with ethyl acetate (2x). The combined organic layers were extracted with brine, dried
over magnesium sulfate, filtered, and concentrated to an oil. Purification by silica gel
chromatography(50% hexanes-ethyl acetate) gave the desired compound (212 mg.
47%) as a colorless oil.

J

Example 1B9R

2-f4'f3-PYridvioxv)-2-Dhenvlhftn2ovio>cvU.thinmethvibutyrir acid
To a solution of the product of Example 162A (50 mg. 0.1 1 mmol) of in

tetrahydrofuran (1 mL) was added aqueous 2M UOH (0.2 mL). The mixture was stirred
at 25 °C for 24 hours, then concentrated in vacuo. The residue was taken up in water,
and extracted with ethyl acetate (3x). The aqueous layer was acidified to pH 3 and
extracted again with ethyl acetate (3x). The second set of ethyl acetate layers was dried
over magnesium sulfate and concentrated in vacuo to a white foam, i H NMR (300
MHz. DMSO) 8 1.81 (m, 2H), 1.98 (s. 3H), 2.07 (m. 2H), 4.95 (dd. J=4.0, 8.5 Hz. 1H),
5.33 (s. 2H). 7.36 (m. 3H), 7.40 (m. 3H), 7.48 (ddd. J= 1 .1, 2.9, 6.5 Hz. 1H). 7.52 (d, J=
1.5 Hz, 1H), 7.60 (dd, J= 1.5, 8.1 Hz.1H). 7.86 (d, J=8.1 Hz, 1H>. 8.19 (d. J= 4.0 Hz

20 1 H), 8.39 (d, J= 2.2 Hz, 1 H). MS (DCI) rrt/e 438 (M+H)+. Anal calcd for

C24H23NO5S.0.65H2O: C, 64.17; H, 5.45; N, 3.12. Found: C. 64.19; H. 5.53; N. 2.74.

15

*
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Examples 163-lfifi

Example 1R3

(S)-2-/V-r4-(3'DVridvl0XVmethvlV2.r2.methvlnhflnyl^enzovl1aminn^.

faminocarbonvnbtitflnnir agd

Example 163A

(S)-2-/V-f4'(3-PvridvlQXvmethvlV2W2.memvlphenvnben?ovllaminn^i.

(aminocarbonvhbutanoie arid tert-butvl ester

The desired compound was prepared by coupling of 4-(3-pyridyloxymethyl)-2-(2-

methylphenyl)benzoic acid with glutamine tert-butyl ester hydrochloride according to the

method of Example 54D.

Example 163B

(S)-2-/V-f4-f3-Pvridvloxvmethvn.2.i2.methylphenvnbenzQvnaminn.A.

faminocarbonvnbutanoic acid triflunroacetic acid salt

The desired compound was prepared by stirring the product of Example 163A in

1 :1 trifluoroacetic acid-4N HCI-dioxane for an amount of time sufficient to consume the

starting ester, followed by concentration in vacuo. 1H NMR (300 MHz, DMSO) 6 1.70

(m, 1 H), 1 .85 (m, 1 H), 1 .97 (t, J=7.5 Hz, 2H), 2.05 (s, 3H), 2.08 (s, shoulder to 2.05).

4.11 (m, 1H), 5.34 (s, 2H), 6.77 (bs. 1H), 7.13 (m, 3H), 7.20 (m, 2H), 7.31 (s, 1H), 7.61

(m, 3H), 7.79 (d. J=8.5 Hz. 1H), 8.30 (d, J=7.7 Hz. 1H). 8.32 (d. J=5.1 Hz. 1H), 8.54 (d.

J=2.9 Hz, 1H). MS (DCI) m/©430 (MH+-H20); Anal calcd for C2sH25N305«2.45 TFA: C.

49.41; H, 3.81; N, 5.78. Found: C, 49.39; H, 4.01; N, 5.85.

Example 164

(S)-2-Ar-f4-f3-DVridvl0XVmethvn.2W2.methvlphenvnhenzovnaminftwlWA/.

methvlaminocarbonyhhiitannir ariri

The desired compound was prepared according to the method of Example 163.

except substituting 2-amino-4-(/V-methylaminocarbonyl)butanoic acid tert-butyl ester for
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glutamine tort-butyl ester. iH NMR (300 MHz, CD3OD) 8 1.78 (m, 1H). 1.96 (m 3H)
2.1

1
(bs. 1.5H), 2.14 (bs. 1.5H), 2.68 (s, 3H), 4.30 (dd, Jb3.9. 9.0 Hz. 1H). 5.44 (s 2H)

7.20 (bs. 2H). 7.24 fm. 1H). 7.40 (bs. 1H), 7.60 (dd. J=1.7. 7.9 Hz. 1H). 7.72 (m IH)
8.00 (dd. J=5.5. 8.8 Hz. 1H). 8.30 (ddd. Jtai.i, 2.9 Hz. 8.8H). 8.47 (d. J=5.5 Hz 1H)

'

8.69 (d, J=2.6 Hz. 1H). MS (FAB) m/e462 (M+H)+. Anal calcd forC^yH^ 60
TFA: C. 45.69; H. 3.79; N, 5.02. Found: C. 45.73; H. 3.54; N. 4.82.

Example ig§

(S)-frW4.f3-pyrin;vipxvmeth^^

ethvlaminocarbonvnhirtanftfr^
The desired compound was prepared according to the method of Example 163

except substituting 2-amino-4-(A/^ethylaminocarbonyl)butanoic acid tert-butyl ester for
glutamine tert-butyl ester. 1H NMR (300 MHz. DMSO) 8 0.99 (t. J=7.4 Hz. 3H) 1 72 (m
1H). 1.86 (m. 1H). 1.96 (t. J=7.2 Hz. 2H). 2.05 (bs. 3H). 2.08 (s (shoulder to 2.05)) 3 04
(m. 2H). 4.07 (m. 1H). 5.37 (s. 2H). 7.12 (m. 2H). 7.20 (m, 2H). 7.32 (bs. 1H). 7.54 (dd
^1.5. 8.1 Hz. 1H). 7.60 (d. Ml Hz. 1H). 7.65 (bs. IH), 7.71 (dd. J=5.1. 8.8 Hz. 1H)

'

7.93 (dd. J=2.2. 8.5 Hz. 1 H). 8.31 (d. J-7.7 Hz. 1 H). 8.39 (d. J=4.5 Hz. 1 H). 8.62 (d
J=2.6 Hz. 1H). MS (DCI) mfe476 (M+H)+. Anal calcd for C27H29N3O.S.3.05 TFA-1 2
H20: C. 47.05; H. 4.1 1; N. 4.97. Found:C. 7.00; H. 4.00; N. 5.28.

(S)-2'/V-f4-(3.pvhf1vloxvmethvlV?.f2.mftthviphpnynben7Qvilaminn^.

faminocarbonyhhutan^ir

The desired compound was prepared according to the method of Example 81
except substituting 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid for 4-(3-

pyridyloxymethyl)-2-(2-methylphenyl)benzoic acid. 'H NMR (300 MHz. DMSO) 6 1 79
(m. 1H). 1.95 (m. 1H). 2.09 (m. 2H), 4.18 (m. 1H). 5.42 (s. 2H). 6.80 (bs. 1H) 7 25(m
2H). 7.35 (m. 3H). 7.45 (m. 2H). 7.55 (m. 3H). 7.86 (dd. J=5.2. 8.5 Hz. 1 H). 8.10 (d
J=7.7 Hz. 1H). 8.46 (d. JM.4 Hz. 1H). 8.69 (d. J=8.1 Hz. 1H). 8.71 (bs, 1H); MS (DCI)
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m/e 434 (MH-); Anal calcd for C24H23N3O5«2.40HCI: C, 55.33. H.4.91. N. 8.07.

Found: C, 55.32; H. 5.06; N, 8.21.

I

Example 167

f4.(3-pvridvlQxvmethvn-3-Dhenoxvben?0vilmflthinn jnf
The desired compound was prepared according to the method of Examples 36C-

H, except substituting 4-carbonylmethoxy-2-phenoxybenzoic acid for 4-

carbonylmethoxy-3-phenoxybenzoic acid. 1H NMR (300 MHz, DMSO-d6) 8 2.03 (s,

3H). 2.0-2.3 (m, 2H), 2.5-2.6 (m. 2H), 4.4-4.5 (m, 1H), 5.25 (s. 2H), 7.03 (d, J=Q Hz.
2H), 7.17 (t. J=8 Hz, 1H), 7.33-7.55 <m, 5H), 7.7-7.8 (m, 2H), 8.20 (d. J=4 Hz, 1H). 8.35
(d, J= 3 Hz. 1 H), 8.71 and 8.83 (d. J= 8 Hz, 1 H).

SCH3

Example 1fift

f4-(3-PVridvl0xvmethvn-2-Dhenvlbenzovl1m6thiQninei-momhQlinvlsMlfnna
The desired compound was prepared according to the method of Example 1 1

7

using 1-morpholine sulfonamide (prepared as described by Chem. Ber. 1972, 105 (9),

2791). 1 H NMR (300 MHz, DMSO-d6) 8 1.73-1.9 (m. 2H), 2.03 (s, 3H), 2.15-2.28 (m.

2H), 3.15-3.25 (m, 4H), 3.58-3.65 (m, 4H), 4.20-4.29 (m, 1H), 5.30 (s, 2H), 7.30-7.57 (i

10H), 8.18 (d, J=4 Hz, 1H). 8.39 (d. J=3 Hz, 1H),8.61 (d, J=8 Hz, 1H).
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0 S
SCH3

Examptefi1R9anf117f

Exampte
|fia

r4-f8-PYfWYlOKY^

Examolfl IfigA

2-amino-5-bromot»rephthfliatA fflmpthY| nr,tnr
To a -12 °C suspension in dichloromethane of 2-aminoterephthalate (10.46 g 50mmol) and pyridine (8.1 mL. 100 mmol) was added as solution of bromine (2 6 mL 52 5mmol) in dichloromethane (25 mL) over 0.5 hours and the reaction mixture was warmed

slowly to ambient temperature and stirred overnight. Aqueous workup followed by
recrystallization from 95% ethanol gave the desired compound (1 1 g, 77%).

Examplfl ififtfi

2'f2-m9thVlDhenvl)-5-aminoterflnhthal^
tf dimethyl eslgr

A solution of palladium acetate (260 mg, 1 .16 mmol) and triphenylphosphine
(1 -21 g, 4.63 mmol) was stirred for 10 minutes at ambient temperature and then the
product of Example 169A (1 1 .1 g, 38.6 mmol), 2-methylphenylboronic acid (5.77 g 42 4
mmol), ethanol (18 mL) and aqueous 2M sodium carbonate (157 mL) were added

'

The
react.on mixture was warmed to reflux and stirred for 18 hours. The reaction mixture
was cooled to ambient temperature and diluted with ether. The aqueous phase was
extracted with ether. The combined organic layers were washed with water, dried
Mtered and concentrated in vacuo to give an orange oil. Chromatography on silica gel
(25 /o ethyl acetate-hexanes, gave the disired compound (9.6 g, 83'/o) as a yellow solid.

Exampla -|fioc

2-f2Tn8thYlph9nvl)-5-iQdoterephtha |at^Methyl aster

wr.J T-
Un °f Pr°dUCt

°
f EXarnpl8 1698 (7 00 9' 23 4 mmol> and a<^ous 3MHCI (50 mL) ,n acetone (500 mL) was cooled to 0 'C and a solution of NaN02 (1 78 q

25J mmol) in water (20 mL) was added dropwise. The reaction mixture was stirred for
1 hour and then urea (0.53 g. 8.88 mmol) and a solution of Kl (6.79 g, 40.9 mmol) in
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water (20 mL) was added at a rate such that the reaction temperature remained below 0
°C. The reaction mixture was stirred for 0.5 hours, then the cold bath was removed and
stirring was continued for 2 hours. The reaction mixture was diluted with water (400 mL)
and NaHS03 was added until the brown color disappeared. The reaction mixture was
filtered and the solid was recrystallized from 20:1 aqueous ethanol to give the desired
compound (6.46 g, 67%). mp 105-109 °C.

Example 169D

2-(2-methvlPhenvn-5HodoterBohthaiatft i.m«thY| gslei
The desired compound was prepared by reaction of a solution of the product of

Example 169C in THF with aqueous LiOH at 0 °C according to the method of Example
38.

Example 169E

2-f2-methvlDhenvl)-4-hvdroxvmethvl-5.iodohen2oic acid methyl o^r

The desired compound was prepared by reduction of the product of Example
169D using the procedure of Example 36 C.

Example 1RQF

2-(2-methvlPhenvlM-bromomethvl-5-iodobenzoic acid methvl ester

To a -10 °C solution in dichloromethane of the product of Example 169E (830 mg,
2.17 mmol) and carbon tetrabromide (864 mg, 2.60 mmol) was added
triphenylphosphine (626 mg, 2.39 mmol) and the reaction mixture was warmed to 0 °C
over 1 hour. The cold bath was then removed and stirring was continued for 2 hours.

The reaction mixture was concentrated in vacuo and purified by chromatography on
silica gel (5% ethyl acetate-hexanes) to give the desired compound (1 .1 g) which also

contained some triphenylphosphine.

Example IfiQft

4-f3-PvridvlOXVmethvn.2-f2-methvlphenvn-5-ipdQben70ic acid methyl »stfr

To a solution in dichloromethane (10 mL) of benzyltriethylammonium bromide
(1 .18 g, 4.34 mmol) was added 3-hydroxypyridine potassium salt (586 mg, 4.34 mmol)
and the mixture was stirred for 1 5 minutes. A solution of the product of Example 1 69F
(960 mg, 2.17 mmol) in dichloromethane (4 mL) was added and the reaction mixture
was stirred overnight. The reaction mixture was washed with water, dried, filtered and
concentrated in vacuo. Chromatography on silica gel (35% ethy acetate-hexanes) gave
the desired compound (480 mg, 49%).
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Example ififfl

^-O-PYridvloxYmgthYn-P-fP-methvlnhpnviv^hutvibfln^nir.^ trmm^
To a solution of tributylborane (0.10 mL, 0.41 mmol) in degassed DMF was

added a solution of the procuct of Example 169G (1 50 mg, 0.33 mmol) in DMF (1 mL)
followed by ^(diphenylphosphinoferrocenyl)palladium(ll) chloride (8 mg, 0.01 mmol)
and potassium phosphate (212 mg, 1 .0 mmol) and the reaction mixture was stirred at 65
°C for 3 hours. The reaction mixture was cooled to ambient temperture and poured into
water. The aqueous phase was extracted with ethy acetate (2x). The combined organic
layers were washed with water and brine, dried, and filtered through a plug of silica gel
(ethyl acetate) to give the desired compound (162 mg) which was used without further
purification.

Example ifiQl

4-(3-PYridvloxvmethvH-P-f?-m6thviphanYn.5.butvihanr0 jff nrtf
The desired product was prepared by saponification of the methyl ester in the

product of Example 1 69H using the method of Example 97A.

Example jfiQJ

fWPVrirtvloxvmethvll?^
The desired compound was prepared by coupling to the product of Example 1691

with methionine methyl ester hydrochloride using the procedure used in step C of the
preparation of compound 8.

Example lfi<?K

f4-(3-PVridylOXVmethvh-2^2.methvlnhenYn.5.bu«vlhenrnYl^arh irrla
The desired compound was prepared by saponification of the product of Example

169J using the method of Example 38. 1 H NMR (300MHz. DMSO-d6 ) 6 8.36 (d 1H)
8.18 (dd, 1H), 8.09 (bd. 1H), 7.48 (m, 1H). 7.37 (s, 1H), 7.32 (dd. 1H), 7.27 (s, 1H) 7 19
(m. 2H), 7.1

1
(m, 2H), 5.28 (s, 2H), 4.21 (m, 1 H), 2.74 (dd, 2H). 1.98 - 2.20 (m 5H)

1 96 (s, 3H), 1 .37 - 1 .90 (m, 6H), 0.92 (t, 3H). MS (CI. NH3) m/e 507, 489. Anal caicd
for C29H34N2O4&O.5O H20: C. 67.55; H ,6.84; N. 5.43. Found: C, 67.55; H 6 69- N
5.33. '

'

'
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Example 170

f4-f3-PVridvloxvmflthvn»2-(2-methvlPhftnv<W5.iSQbutvihQn2Qvl1rnflthinninf
To a -78 °C solution in ether (1 mL) of tert-butyllithium (1.7 M in ether, 0.75 mL.

1.28 mmol) was added a solution of iodoisobutane (0.74 mL, 0.64 mmol) in ether (1 mL)
and the mixture was stirred for 30 minutes. 9-methoxy-9-borabicyclo(3.3. 1 Jnonane ( 1 .0

M in ether, 0.66 mL. 0.66 mmol) was added and the reaction mixture was warmed to 30
°C and stirred for 30 minutes. A solution of the product of Example 169G (218 mg, 0.53
mmol) in DMF (4 mL) was then added, followed by

b/s(diphenylphosphinoferrocenyl)palladium (II) chloride M3 mg, 0.016 mmol) and
potassium phosphate (338 mg, 1.59 mmol). The reaction mixture was stirred at 65 °C
under a stream of nitrogen for 2 hours. Workup as described in Example 169H, followed
by saponification, coupling and saponification as described in Example 1691-J gave the
title compound. 1H NMR (300MHz, DMSO-d6 ) 8 8.35 (d, 1H), 8.18 (dd, 1H), 8.06 (bd.

1H), 7.49 (dq, 1H), 7.35 (s, 1H). 7.33 (dd, 1H), 7.27 (s. 1H), 7.18 (m. 2H), 7.03 (m, 2H),

5.25 (s, 1H). 4.22 (m, 1H), 2.63 (bd, 2H), 2.12 (heptet, 1H). 2.03 (m, 4H), 1.96 (s, 3H),
1 .64 - 1 .90 (m, 3H). 0.96 (d, 6H). MS (CI. NH3 ) m/e 507, 489, 221 . 204. Anal calcd for

C29H34N2O4S O.5O H20: C. 67.90; H, 6.82; N, 5.46. Found: C. 67.91 ; H. 6.68; N ,5.40.

SCH3

Examples 171 and 179

Example 171

f4-(3-Dvridvlaminomethvn-2-(2.m6thVlnhBnyhbenzovnmethinninp

The desired compound was prepared according to the method of Example 56,

except substituting [4-(3-pyridylaminomethyl)-2-(2-methylphenyl)phenylbenzoyl]

methionine for [4-(3-pyridylaminomethyl)-2-phenylbenzoyl]methionine.

'H (300 MHz., DMSO d6): 5 8.08. (d. 1H), 7.96, (d, 1H), 7.73. (d, 1H) 7.44. (m. 2H)

7.19. (m. 3H) 7.11, (m, 2H) 7.03. (dd. 1H) 6.89. (m. 1H) 6.56, (t, 1H) 4.39, (d. 2H) 4.20.

(ddd. 1H) 1.96 - 2.22, (m. 5H) 1.95. (s. 3H) 1.63 - 1.90. (m, 2H) MS (DCI, NH3 ): 450
(MH)+

, 100%. anal, calc for C2sH27N 3O3S«0.62 H20: C 65.17 H 6.18 N 9.12. Found:
C 65.18 H 5.85 N 9.04.
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Example 17^

f4-Q-PYri<iYlthiomQthvl)-2-f2-mflthViDhenVnhAnynyi m-thTirr
To a solution in DMF (2 mL) of 4-chloromethyl-2-(2.methylphenyl)ben2oic acid

methyl ester (275 mg, 1.0 mmol) was added 3-pyridinethiol potassium salt (224 mg 1 5
mmol). The reaction mixture was stirred for 30 minutes and then was poured into water
The m,xture was extracted with ethyl acetate (3x). The combined organic extracts were'
washed with water and brine, dried, filtered and concentrated in vacuo.
Chromatography on silica gel (40% ethyl acetate-hexanes) gave 4-(3.pyridylthiomethyl)-
2-(2-methylphenyl)benzoic acid methyl ester which was converted to the title compound
by saponification of the methyl ester, coupling with methionine methyl ester
hydrochloride, and saponification as described in Examples 1691-J. 1H NMR (300MHz
DMSO-de) 5 12.53 (bs. 1H), 8.49 (d, 1H), 8.38 (dd, 1H), 8.1 1 (d. 1H). 7.79 (dt 1H) 7 43
(s. 2H). 7.31 (dd. 1H), 7.19 (m, 2H), 7.11 (m, 2H), 7.05 (m, 1H), 4.36 (s, 2H), 4 20 (m
1 H), 1 .92 - 2.23 (m, 8H), 1 .66 - 1 .90 (m, 2H). MS (CI. NH3) m/e 467. 449. Anal calcd
forC25H26N203S2: C. 64.35; H, 5.62; N. 6.00. Found: C, 64.00; H ,5.62- N 5 89

v^CONHS02Ph

s
SCH3

Example 173

[^(a-PVridVlthiomethvn^fO-methvlphftnvnhg^Qvimethinninp phenvlsulfnnimirio
The desired compound was prepared by coupling of 4-(3-pyridylthiomethyl)-2-(2-

methylphenyObenzoic acid with methionine phenylsulfonimide hydrochloride using the
procedure used in step C of the preparation of compound 8. i H NMR (300MH2 . CDCh)
5 8.50 (m. 2H), 8.02 (m, 2H), 7.93 (t. 1H), 7.62 (m, 2H). 7.51 (m, 2H), 7.1 7 - 7 42 (m
5H). 7.09 (m, 2H), 5.71 (d, 1H). 4.40 (m, 1H), 4.13 (s, 2H), 1.86 - 2.13 (m, 8H) 1 71 (m
1H), 1.25 (m, 1H). MS (CI. NH3) m/e 606, 225. Anal calcd for C3iH31N304S3 1 53
TFA: C. 52.43; H. 4.20; N, 5.39. Found: C, 52.42; H, 4.14; N. 5.43
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Example 174

f4-(3-PvridvlQXvmethvl)-2-Dhenviben20vnmethioninB N.riimethvlvinvlene carbonate

amide

Example 174A

1 -bromomethvl-2-melhyh/inylene carbonate

A mixture of dimethylvinylene carbonate (1 1.4 g, 100 mmol), N-bromosuccinimide

(17.8 g, 100 mmol) and 2,2'-azobisisobutyronitrile (250 mg) in carbon tetrachloride (400

mL) was stirred at reflux for 4 hours. Aqueous workup followed by vacuum distillation

(110-112 °C, 3.5 mm Hg) gave the desired compound (9.26 g, 48%).

Example 174B

f4-(3-PVridvlQXvmethvn-2-Dhenvlben20vl1methionina N-dimethvlvinvlene carbonate

amide

To a solution in DMF (1 mL) of [4-(3-pyridyloxymethyl)-2-

phenylbenzoyljmethionine (132 mg, 0.30 mmol) was added cesium chloride (55 mg, 0.17

mmol). After stirring for 15 minutes, a solution of the product of Example 174A (54 mg,

0.33 mmol) in DMF (0.2 mL) and the reaction mixture was stirred for 2 hours. The
reaction mixture was poured into water and extracted with ethyl acetate (3x). The
combined organic layers were washed with water and brine, dried, filtered and

concentrate. Chromatography on silica gel (80% ethyl acetate-hexanes) gave the title

compound (128 mg, 78%). 1 H NMR (300MHz, CDCI3 ) 8 8.41 (bs, 1H), 8.18 (bs, 1H).

7.75 (d, 1H), 7.50 (dd, 1H), 7.44 (m. 5H), 7.30 (m, 2H), 5.89 (d, 1H), 5.20 (s, 2H), 4.83 (s,

2H), 4.64 (ddd, 1H), 2.07 (s, 3H). 1.86 (m, 9H), 1.73 (m, 1H). MS (CI, NH3 ) m/e 549,

226.
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/-N
HN

.C02H

SCH3

Example 175

(4-fU 1 H'imidaroH-vl)ethvn.?-nhftnVib6n7ftyi}math i»n |na

Example

Diethyl (2-phenvl-4-cart)oxvmethvibfln7Vi|r^^»nmr
A slurry in THF of diethylphosphite (1 .75 g, 1 2.7 mmol) and sodium hydride (60%m m.neral oil. 305 mg, 12.7 mmol) was stirred for 1.5 hours and then 4-chloromethyl-2-

Phenylbenzoic acid methyl ester was added and the reaction mixture was stirred for 18
hours at ambient temperature and 18 hours at reflux. The reaction mixture was
concentrated in vacuo and the residue was partitioned between ethyl acetate and brine
The organic phase was dried over magnesium sulfate, filtered and concentrated in
vacuo to give a yellow oil. Chromatography on silica gel (1:1 ethyl acetate-hexanes)
gave the desired compound (3. 1 9 g, 77%) as a colorless oil.

Example 17BR

4'f2•(1H•^triph9ny^mftthYl^mi^^azol-3^vnethpnvl1.2.phenv^hftnrn^ add mathV
|^fr

To a 0 °C sluny in THF (2 mL) of sodium hydride (60% in mineral oil, 61 .3 mg
1 .5 mmol) was added a solution of the product of Example 1 75A (402 mg, 1 .5 mmol) in
THF (3 mL) and the mixture was stirred for 2 hours. A solution of 1 H-1 -

triphenylmethylimidazole-4-carboxaldehyde (761 mg, 2.35 mmol) in THF (2 mL) was
added and the reaction mixture was heated at reflux for 8 hours. The reaction mixture
was cooled to ambient temperature and concentrated in vacuo. The residue was
partitioned between ethyl acetate and brine. The organic phase was dried over
magnesium sulfate, filtered and concentrated in vacuo to give a yellow oil

Chromatography on silica gel (1:1 ethyl acetate-hexanes) gave the desired compound
(740 mg, 90%) as a white solid.

Example 17SP.

l-f2-f1H^riphfnylmfthvfim^^
nrid mftthv .

a^ar
The desired compound was prepared by catalytic (10% Pd/C) hydrogenation of

the product of Example 175B.
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ExamplB 17SD

f4-f2-f 1 H-
1 -triDhenvlmethvlimida7n|.4.vnethyl1.P.ohenvlben?Qv»methiQninfl

The desired compound was prepared by saponification of the product of Example
175C using aqueous lithium hydroxide and methanol at reflux, followed by coupling to

the acid with methionine ethyl ester hydrochloride using the procedure of step c in the

preparation of compound 8, and saponification of the ethyl ester using aqueous lithium

hydroxide in aqueous THF.

Example 175E

(4-f2-nH-imida2ol~4-vnethvip.nhftnylbenzovnmethiQninB

A mixture of the product of Example 175D (15 mg, 0.02 mmol). trifluoroacetic acid

(26 mg, 0.23 mmol) and triethylsilane (27 mg, 0.23 mmol) in dichloromethane (1 mL)
was stirred for 18 hours. The reaction mixture was concentrated in vacuo and the

residue was partitioned between water and 1:1 ethyl acetate-hexanes. The aqueous
phase was freeze-dried to give the title compound as the trifluoroacetate salt. 1 H NMR
(300 MHz, DMSO-d6) 6 1.9 (m, 3H), 2.0 (s, 3H), 2.3 (m, 2H), 4.1 (m, 1H), 4.2-4.4 (m.

4H). 7.3-7.5 (m. 8H), 7.7 (br d, 1 H), 8.5 (d, 1 H), 9.0 (s, 1 H). 1 2 (br s, 1 H). MS (DCI,

NH3) m/e 424 (M+H)*.

Example 176

(4-f2-( 1 H-imidazol-4.vnethvl|-2.phenvlhfln7ovnmethionine

The desired compound was prepared according to the method of Examples
175A. B. D and E. "> H NMR (300 MHz, DMSO-d6) 5 1.9 (m. 3H), 2.0 (s, 3H), 2.3 (m,

2H), 4.6 (m, 1H), 5.8 (d, 1H), 6.1 (d, 1H), 7.3-7.5 (m, 8H), 7.7 (brd, 1H), 8.5 (d, 1H), 9.0

(s, 1H). 12 (br s, 1H). MS (DCI, NH3) m/e 390 (M+H)+.
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H3C^^

0 s
SCH3

Example 177

t^lifci^^
The des.red compound was prepared according to the method of Example 105

hlml
8

!8^9 ^^^^-(^hylphenyDbenzoic acid methyl ester for 4-
bromomethy|.2-phenylben2oic acid methyl ester. 1 H NMR (300 MHz, DMSO-d6 ) 5 1 8
(m. 3H), 2.0 (s. 3H), 2.5 (m. 2H), 3.8 (s. 2H). 3.9 (s. 2H), 4.3 (m. 1H) 7 3 (m 8H1 7 s

1H). 8.5 (d, 1H,, 8.9 (br s. 1H), 2 (br s. 1H). MS (DC , NH3) m/e 456 (M^
'

SCH3

ExamplB I7fl

r4-(1H-Vm»thylimidaro|4.V |rr|^
Example

4-aZidQmfrthVl-?-Phfnvlhmzoic ariH mqrhY | g^gj
A m.xture of 4-bromomethyl-2-phenylbenzoic acid methyl ester (1 .5 g, 4 9 mmol)

DMPnf m
(1,2

l
9' 19,7 fnm0,)^ tetrabu^™™m ^dide (1.3 g, 4.9 mmol) in

'

DMF (16 mL) was heated at 75 'C for 18 hours. The reaction mixture was diluted with
water and extracted twice with ethyl acetate. The combined organic extracts were dried

oeT<Z 7hT '

fi 'tered C°nCentrated in VaCUa Chromatography on silica
gel (15/o ethyl acetate-hexanes) to give the desired azide as a colorless oil (1 .01 g).

Example ^flg
f4-a2idomfithyl-2-phenvihen7nviim6thinninfl r^y

.
~m

The des.red compound was prepared by saponification of the product of Example178A us.ng sodium hydroxide in refluxing aqueous methanol, followed by coupling of the
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resulting acid with methionine methyl ester hydrochloride using the procedure of step C
in the preparation of compound 8.

Example 17BC

f4-aminomethvl-2-phenvlbengoyl1mflthioninfl mathY |

»
fffor

A solution of the product of Example 178B (1.00 g, 2.5 mmol) and
triphenylphosphine (0.98 g, 3.75 mmol) in THF (10 mL) was heated at reflux for 4 hours.
The reaction mixture was cooled to ambient temperature, water (0.45 mL) was added,
and the reaction mixture was stirred for 18 hours. The reaction mixture was
concentrated in vacuo and the residue was partitioned between water and ethyl acetate.

The organic phase was washed with brine, dried over sodium sulfate, filtered and
concentrated in vacuo. Chromatography on silica gel (25% ethyl acetate-hexane. then

1% ammonia-ethyl acetate) gave the desired compound as a colorless oil (900 mg
97%).

Example 17fln

f4-f1H-1-methvlimidfl7nl4-vlcarbonvlaminomethvn.3-nhenvlb6n7oVl1mflthinnin0

The desired compound was prepared by coupling of the product of Example 1 78C
with 1 H-1-methylimidazole-4-carboxylic acid using the procedure used in step C of the

preparation of compound 8, followed by saponification of the methyl ester using sodium
hydroxide in aqueous THF. 1 H NMR (300 MHz, DMSO-d6) 8 1 .8 (m, 3H), 2.1 (s. 3H),

2.5 (m, 2H), 3.6 (m, 1H), 3.8 (m, 3H), 4.8 (m, 1H), 4.9 (d, 2H), 7.3 (m, 8H), 7.4 (d, 1H),

8.3 (d, 1H). 12.0 (br s, 1H). MS (DCI. NH3) m/e 467 (M+H)+.

0

ŜCH3

Example 17fl

f4-(1H'imidazol'4-vlmethvloxvmethvn-g.phftnViban2ovnmethinninp

The desired compound was prepared according to the method of Examples 105C-
F, except substituting 1H-1-triphenylmethylimidazol-4-ylmethanol sodium salt for 1H-1-

triphenylmethylimidazol-4-ylmethylthiol sodium salt, and 4-chloromethyl-2-phenylbenzoic

acid methyl ester for 4-bromomethyl-2-phenylbenzoic acid methyl ester. 1 H NMR (300
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MHz. DMSO-d6) 8 1 .6 (m. 3H). 2.1 (s. 3H), 2.4 (m, 2H), 3.6 (s. 2H), 3.7 (s, 2H), 4 3 (m

2440
7,5 (br di 1H)t 8 -5 (d> 1H)iM (brs - 1H) - 12 (br s - 1H) - Ms (dci

-
NH3)

,C02H

SCH2CH3

Exampla iqp

2-/V-r4-(3-pvriytvloxv)-?.nhftnVlbpn7nYHQtr,jnn jnf
The desired compound was prepared according to the method of Example 98

except subsiding ethionine methyl ester hydrochloride for methionine methyl ester

'

hydrochloride.

SCH3

Example 335

{W(1H-imif1nrnM-vl)ethenvl1.p./2.mflthyiph
ftpYi)mf

>
thpr

;

n
^

The desired compound was prepared according to the method of Example 176
except substituting 4-chloromethyl-2-(2-methylphenyl)benzoic acid methyJ ester for

4-

'

chloromethy|.2-phenylbenzoic acid methyl ester. 1H NMR (300 MHz, DMSO.d6) S 1 90
(s 3H), 2.10-2.20 (m, 8H), 4.20 (m. 2H), 7.10-7.40 (m, 7H), 7.50 (m. 2H), 7.70 (d, 1H)
8.20 (brd, 1 H). 8.80 (d. 1 H). MS (DCI-NH3) 436 (M+H)*
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Example 1fl2A

2'/V-rerr-butQXVCarfaonvlamino^hvdrowhtrtanoie acid hen7y|
ftster

To a 0 °C solution in THF (103 mL) of N-tert-butoxycarbonylaspartic acid 1 -benzyl
ester (10.0 g. 30.9 mmol) was added borane-THF (1 M in THF. 61 .8 mL. 61 .8 mmol) over
1 0 minutes. The cold bath was then removed and the reaction mixture was stirred for 3
hours. The reaction mixture was cooled to 0 °C and quenched with brine. The layers

were separated and the aqueous phase was extracted with ethyl acetate. The combined
organic layers were washed with brine, dried over magnesium sulfate, filtered, and
concentrated in vacuo. Chromatography on silica gel (15% ethyl acetate-hexanes) gave
the desired compound as a colorless oil (4.1 1 g, 43%).

Example 1R9R

2-/V-fgff-bUtOXVCarhonvlamino«4-methanesulfonyioxvbutanoic acid ben7V i eSfer

To a 0 °C solution in dichloromethane (151 mL) of the product of Example 182A
(14.68 g, 45.4 mmol) was added triethylamine (9.19 g, 90.8 mmol) and methanesulfonyl
chloride (5.72 g, 50 mmol) and the reaction mixture was stirred for 2 hours. The reaction

mixture was concentrated in vacuo and the residue was partitioned between ethyl

acetate and brine. The organic phase was dried over magnesium sulfate, filtered and
concentrated in vacuo. Chromatography on silica gel (25% ethyl acetate-hexanes) gave
the desired compound (15.99 g, 91%).

Example 182C

2-/V-rert-butQXVcarbonvlamino-4-fthiobutvhhutanoic acid benyyi r

To a suspension in THF (6 mL) of sodium hydride (60% in mineral oil, 568 mg.
14.2 mmol) was added butanethiol (1.23 g, 14.2 mmol) and the mixture was stirred for

0.5 hours. A solution of the product of Example 182B (1 .83 g, 4.73 mmol) in THF (15.7

mL) was added and the reaction mixture was stirred for 3 hours. The reaction mixture
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10

15

20

25

was cooled to 0 °C, quenched with water and extracted with ethyl acetate. The organic
phase was dried over magnesium sulfate, filtered and concentrated in vacuo
Chromatography on silica gel (5% ethyl acetate-hexanes) gave the desired compound
1.74 g, 97%).

Examnta 1ffi>p

2-amino-4-fthiQbutvl)putanoir acid m*thYi^ nvdmrhinri^
To a solution in methanol (5 mL) of the product of Example 182C (1 .00 g 2 62

mmol) was added aqueous 1M lithium hydroxide (13.1 mL) and the reaction mixture was
stirred for 4 hours. The methanol was evaporated and the aqueous residue was
extracted with ethyl acetate. The organic extract was discarded and the aqueous ohase
was adjusted to pH 2 with aqueous 1N HCI and extracted with ethyl acetate. The ethyl
acetate extract was dried over magnesium sulfate, filtered and concentrated in vacuo to
g.ve a colorless oil. The oil was dissolved in methanol (25 mL) and thionyl chloride (1 .56
g, 1 3.1 mmol) was added. The reaction mixture was stirred at reflux for 4 hours, cooled
to ambient temperature and concentrated to a colorless oil which was used without
further purification.

Example iftfl

2-/V-{4-f2-(lH-imidaZQl-4^

acid
The desired compound was prepared from the product of Example 1 82D and 4-[2-

(

1
H-imida2ol-4.yl)ethyl].2-(2-methylphenyl)benzoic acid methyl ester accoring to the

method of Example 175D and E. 1H NMR (300 MHz, DMSO-d6) 6 1.2 (m. 4H), 1 4-1 6
(m, 5H), 1.8-2.1 (m, 5H), 3.2 (s. 3H), 3.5 (br s, 1H), 4.3 (m. 4H). 7.0-7.4 (m, 7H). 8.2 (brd
1 H), 8.9 (d, 1H), 12 (br s, 2H). MS (DCI-NH3) 480 (M+H)-.
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SR

Examples 184-iflQ

The compounds of Examples 337-341 were prepared according to the method of

Example 336, except substituting the desired thiol for butanethiol.

Physical Data

1 H NMR (300 MHz. DMSO-d6)

MS (DCI-NH3) m/e

1 H NMR 6 1.1 (m, 3H), 1.3-1.6 (m, 4H), 1.8-2.1 (m,

5H), 3.3 (s, 3H), 3.4 (br s, 1H), 4.3 (m. 4H), 7.0-7.4

(m, 7H), 8.2 (brd, 1 H). 8.9 (d, 1 H). 12 (br s, 1H).

MS 466 (M+H)+.

1 H NMR 5 1 .6 (m. 4H), 1 .9 (s. 4H), 2.2-2.4 (m, 1 H).

3.0 (s, 3H), 4.2 (br m, 4H), 7.0-7.5 (m, 7H), 8.1 (brd.

1 H). 8.9 (d. 1 H), 1 2.0 (br s. 2H). MS 438 (M+H)+.

1 HNMR8l.3(m. 5H). 1.4-1.6 (m. 6H), 1.8-2.2 (m.

5H). 3.1 (s. 3H). 3.5 (br s. 1H). 4.2 (m, 4H). 7.0-7.4

(m. 7H). 8.2 (brd. 1 H). 8.9 (d, 1 H), 1 2.0 (br s. 2H).

MS 494 (M+H}+.

isopropyl 1 H NMR 5 1.1 (d, 6H) t 1.8 (m, 3H), 2.2-2.4 (m. 2H).

2.8 (septet. 1H), 3.0 (s. 3H). 3.4 (br s. 1H). 4.2 (m.

4H). 7.0-7.2 (m. 7H). 8.2 (brd. 1H). 8.9 (d. 1H), 12.0

(brs.2H). MS 466 (M+H)*.

Example Q

184 propyl

185 methyl

186 pentyl
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188 cyclopentyl 1 H NMR 8 1.1 (m, 9H), 1.8 (m. 3H), 2.0-2.3 (m, 2H),
3.0 (s. 3H), 3.4 (br s, 1 H), 4.1 (m, 4H). 7.0-7.3 (m
7H), 8.2 (brd, 1H). 8.9 (d, 1H), 12 (brs. 2H). MS
492 (M+H)+.

189 cyclohexyl 1 H NMR 8 1.1 (m, 1 1H), 1.7 (m, 3H), 1.9-2.4 (m.
2H),3.1 (s, 3H),3.2 (brs, 1H). 4.1 (m, 4H), 7.0-7.4
(m, 7H). 8.2 (brd, 1H), 8.8 (d. 1H). 12 (br s, 2H)
MS 506 (M+H)+.

SCH3

Example 1Q0

Example 190A
f+tt-Pvncivipxvm^

jnmmm m
ester

... 1°H
00 °f^^^^osphine) palladium (0) (2 mg) in toluene (1 mL)was added a solutoon of 4-(3-Pyridyl0xymethy.)-5.iodo-2-(2-methy.phenyl)ben2oic acidme hyl ester (100 mg, 0.22 mmol), prepared as in Example 169G, in toluene (3 mL) Th.

mixture was stirred for 10 minutes, then a solution of 4-methylpheny.boronic acid (33 mg
0.24 mmol) in ethanol (2 mL) and aqueous 2M sodium carbonate were added The
reaction mixture was stirred overnight at reflux and addrtiona. catalyst (20 mg), boronic
ac.d (20 mg) and base (0.5 mL) were added and reflux was continued for 4 hours The
react.on mixture was cooled to ambient temperature, diluted with ether, washed withwater and bnne, dried over sodium carbonate, filtered and concentrated in vacuo
Chromatog^hy on silica gel (30% ethyl acetate-hexanes) gave the desired compound
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Example ignR

f4-(3-PYridYl0?<Ymft1hYn- ,7-f4-methvlPhenvh.p.f2.mpthvlnhftnYn^en7Ovl methionjne
The desired compound was prepared by saponification of the compound of

Example 190A, followed by coupling with methionine methyl ester hydrochloride and
saponification of the methyl ester as described above, i H NMR (300MHz. CDCI3 .) 5 8.31
(1H. d, J=9 Hz). 8.19 (1H. d. J=3 Hz). 7.90 (1H, d. J=4 Hz). 7.42 (1H. s). 7.40-7.20
(10H. m), 6.07 (1H. d. J=9 Hz). 5.08 (2H. m). 4.62 (1H, m), 2.40 (3H. s). 2.25-2 10 (5H
m). 2.02 (3H. s). 2.00-1 .55 (2H. m). MS (DCI. NH3 ) m/c 541 (M+H)+. Anal calcd for

C32H32N2O4S O.5O H20: C. 69.92; H. 6.05; N. 5.10. Found: C, 69.94; H. 6.20; N 4 90

Example 1Q1

f4-f3-PYf1dYlmrnmhYl)-'S-Ph9nvlmethvl-?-f2.methV |PhenvhhenZoV l methionine

Example 1Q1A

f4-(3'PYridYl0X7m9thvn^-PhftPVlmethvl-2-fp.methV |Dhenvhhen7nul methionine methyl

ester

To a solution in DMF (2 mL) of b/s(diphenylphosphinoferrocenyl)palladium(ll)

chloride (30 mg) and cesium chloride (213 mg. 0.654 mmol) was added a solution of 4-

(3-pyridyloxymethyl)-5-iodo-2-(2-methylphenyl)benzoic acid methyl ester (100 mg. 0.22
mmol). prepared as in Example 169G. and 9-benzyl-9-borabicyclo[3.3.1]nonane (0.5 M in

THF. 1 .31 mL, 10.6 mmol) and the reaction mixture was stirred at 70 °C for 3 hours. The
reaction mixture was cooled to ambient temperature and partitioned between water and
ethyl acetate. The organic phase was washed with water and brine, dried over sodium
carbonate, filtered and concentrated in vacuo. Chromatography on silica gel (30% ethyl

acetate-hexanes) gave the desired compound.

Example 191

R

f4-0-PYridy|oxvmethYH-5-methvlphenvl-2-f?-mRthvlDhenVhben7oy | methionine
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The desired compound was prepared by saponification of the compound of
Example 191 A. followed by coupling with methionine methyl ester hydrochloride and
sapon.ftcat.on of the methyl ester as described above, i H NMR (300MHz CDCI3 ) 5 8 27OH d. J=3 Hz,, 8.19 (1H, dd. J=6, 2 Hz). 7.88 (1H, s). 7.40-7.00 (12H. m), 6.00 (1H d^9 Hz),5.08(1H,d, J= 12 Hz), 5.01 (1H. d, J= 12 Hz), 4.62 (1H. m) 4 15(2H s 220
2.05 (5H m), 2.02 (3H, s). 1.92 (1H, m) 1.60 (1H, m). MS (DCI. NH3) m/e 541 Jm+H)'*

"

Anal calcd for C32H32N2O4S0.25 H20: C. 70.50; H ,6.01
; N. 5. 14. Found: C. 70 23 H

5.84; N 4.94. '
'

'

10

15

20

CI SCH3

Example 19?

-p.
- iiviviwiwiYira i6-iM9tnvipnenvnpen^Qy| methionineme desired compound was prepared according to the method of Example 190

n*mT^ aCld for4""ethy«Phenylboronic acid. iH
'

NMR (300MHz, CDCI3) 5 8.37 (1H, d, J=9 Hz), 8.21 (1H, d. J=3 Hz), 7.85 (1H d J=4
Hz), 7.44 (1H, s), 7.40-7.20 (9H, m), 6.08 (1H, d, J=9 Hz), 5.03 (2H. s). 4.62 (1H m)
2.25-2.05 (5H, m), 2.02 (3H, s), 1.95 (1H. m) 1.64 (1H, m). MS (DCI. NH3) m/e 595

'

(M+H)*. Anal calcd for C31 H28CI2N2O4S 0.20 H20: C, 62.15; H. 4.78; N 4 68 Found-
C, 61.86; H, 4.38; N 4.38.

C02H

SCH3

25

ExamnlB 1Q?

The desired compound was prepared according to the method of Example 190
except substituting 2-thienylboronic acid for 4-methylphenylboronic acid. 1H NMR
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(300MHz. CDCI3 ) 58.38 (1H, d, J=3 Hz), 8.20 (1H. dd, J=3. 1 Hz), 8.03 (1H. s). 7.43
(1H. s). 7.39 (1H. dd. J=6. 2 Hz), 7.38-7.20 (6H, m), 7.15 (1H. dd. J=3. 1 Hz), 7.08 (1H,
m). 6.07 (1H. d. J=9 Hz). 5.10 (2H, m), 4.61 (1H. m), 2.20-2.05 (5H. m), 2.02 (3H. s),

1.93 (1H. m) 1.62 (1H. m). MS (DCI. NH3 ) m/e 533 (M+H)+. Anal calcd for

C29H28N2O4S2 0.25 H20: C, 64.84; H, 5.35; N..4.21. Found: C. 64.55; H. 4.83; N. 4.85

f4-f3-DYridvloxvmethvn-5-iodo-2-/2.mftthx/iphpnVnbenzovl methinni,^

The desired compound was prepared by saponification of 4-(3-pyridyloxymethyl)-

5-iodo-2-(2-methylphenyl)benzoic acid methyl ester, prepared as in Example 169G,
followed by coupling with methionine methyl ester hydrochloride and saponification of the
methyl ester as described above. 'H NMR (300MHz, DMSO-d6) 5 12.68 (1H, bs), 8.45
(1H, d. J=9 Hz). 8.37 (1H. d. J=3 Hz), 8.20 (1H, d, J=4 Hz), 7.93 (1H, s), 7.48 (1H. m),

7.37 (2H. m), 7.30-7.00 (4H. m), 5.20 (2H, s), 4.22 (1H, m), 2.30-2.00 (5H, m), 1.96 (3H,
s). 1 .80 (2H, m). MS m/e (DCI, NH3 ) m/e 577 (M+H)+. Anal calcd for C25H25IN2O4S: C,
51 .85; H. 4.40; N, 4.84. Found: C, 51 .91 ; H, 4.47; N, 4.69.

f4-(3-PYridYlOXVmethvn-2-Dhenvlnhftnyiaminnrafhnnvl1methiQnin fl

To a solution in toluene of 4-(3-pyridyloxymethyl)-2-phenylbenzoic acid (126 mg)
was added diphenylphosphoryl azide (0.1 1 mL) and triethylamine (0.075 mL) and the

reaction mixture was heated at 100 °C for 20 minutes. A solution in dichloromethane of

methionine methyl ester (prepared by addition of triethylamine to the dichloromethane
solution) was added and the reaction mixture was stirred at 100 °C for 1 hour and then

Example 194

Example 135
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10

overnight at ambient temperature. The precipitated product was isolated by filtration and

Tl u^6
- ^ ^ C°nCentra,ed^ PUri«ed bv*L*££on s.l.ca gel (80% ethyl acetate-hexanes) to give the methyl ester (100 mg)

n1^TTn °f m8,hyl 6S,er USin9 SatUrat6d a"ueous *»*« hydroxide in methanolgave the title compound. 1 H NMR (DMSO, 300 MHz) 5 1 .77 (1H td J- 7 5 14 7 Hz)
1.95 (1H, tdd, .= 5.7, 7.5. 14.7 Hz), 2.04 (3H, s), 2.45 (2H, t. .= 7.5 Hz) 4 22 (1H td J
5-7. 7.5 HZ). 5.14 (2H. s). 6.98 (1H. d. .= 8.1 Hz), 7.25 (1H, d. .= 2.1 Hz) 7 29 7 53 i8tm). 7.60 (1H. s). 7.92 (1H. d. .= 8.7 Hz). 8.16 (1H. dd. .= 0.9, 5, Hz) 3 i (1H d .-
2.7 Hz). MS (FAB/APCI) m/e 452 (M+H)+, 450 (M-H)-, 486 (M-C,)-.V?J££C24H25N3O4S.0.30 H20: C. 63.06; H. 5.65; N. 9.20. Found: C. 63.1 1; H. 5.42- N 8 67

15

20

25

30

"1

S02CH3

Examples iQfi-?on

AI';eact,onS were performed either in a Manual solid phase synthesis flask usinga 120o rotary shaker or on an Advanced ChemTech Model 396 Multiple Peptide
Synthesizer (Advanced ChemTech Inc.; Louisville. Kentucky, at ambient temperature
After he reactions were performed the finished compounds were cleaved from the resin
Usually. 80-90 mg of the dried resin containing the desired amide; urea; or secondaX
amine was treated with a 1 .50 mL solution of 95/5 (v:v) trifluoroacetic acid/water forT5h at amb,ent temperature. The spent resin was removed by filtration and the resulting

117^
eVaPOrated in*VaCU

°- m°St CaS6S
' * 20 "* of ^Poundwas obtamed. Compounds obtained had the desired MW as determined by electrospraymass spectroscopy and had an HPLC purity of 40-90%, or were further purified by

part,t.on chromatography to afford compounds of 40-60% HPLC purity Two tvoes of
gradients were used for the reverse phase HPLC. For the amides and ureas a gradient
start-ng w.th 100% wate,0,% Trifluoroacetic acid and finishing w«h 100% acetonitrile-

V!2 TC*lC 3Cid dUnn9 3 30 minUt8 Peri°d W3S USed
-
For the sec°^ary aminesa gradient beg.nn.ng with 100% water-Smmo. ammonium acetate and finishing with 80%

aceton.tnle-water-5mmol ammonium acetate during 25 minutes was used.
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80 mg of resin (substitution 0.40 mmol/g) containing [4-amino-2-

phenylbenoyl]methionine-Wang-polystyrene resin was shaken for 3 min. with 1 .0 mL of

N-methylpyrrolidon'j (NMP). The solvent was drained and the resin was treated 2x (3
min) with 1 mL. NMP. To the now swollen resin were then added 0.20 mL NMP; 0.20

mL of a 1 .92 M diisopropylethylamine (DIEA)/NMP solution (15 eq.); 1 .00 mL of a 0.180
mM/NMP solution of the desired carboxylic acid ( 5 eq.); and finally 0.20 mL of a 0.90 M
Bromo-tris-pyrrolidino-phosphonium hexafluorophosphate (PyBrop; 5 equiv.)1/NMP

solution. The reaction slurry was then mixed for 6 h and drained. The resin was then

washed with NMP (3x; 1 .0 mL; 3 min. ea); isopropanol (IPA; 5x; 1 .0 mL; 3 min. ea.);

NMP (3x; 1.0 mL; 3 min. ea.); methanol (MEOH; 2x; 1.0 ml; 3 min. ea.); and finally

diethyl ether (2x; 1 .0 mL; 3 min. ea.). The resin was then dried and subjected to

cleavage conditions described above.

Eaamcle BaLi MS (m+hu

197

196 496

466

O
198 464

O
199 528

O
200 CI

502

O
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^COjH
i

S02CH3

Example gQ f

90 mg of resin (substitution 0.39 mmol/g.) containing [4-amino-2-
phenylben2oyl]methionine.Wang-polystyrene resin was shaken with 1.0 mL
d.methylformamide (DMF) for 3 min. The solvent was drained and the resin was then

eT V TH^ H,^
(3X

k

1
°^ 3 min

-

6a ): te,rahydr0,Uran <™F
=* 1 -0Sea.) THF/d,ch»oromethane (DCM) 1:1 (v:v) (4x; 1.0 mL; 3 min. ea.). The resin was thenSeated w,th 0.20 mL of DCM/THF (1:1) and a 1 .0 mL solution of 0.50 M p

N.trophenylch.oroformate/0.50 M DIEA in a 1:1 solvent mixture of DCM/THF The resin

Tn7Zril
hen Shak6n ^ 15 ^ t0 thS SUSPension was «™ added .020 mL

a d *1 K

Shakin9
" addi,l°na' 1

5

mjn ' : the S0,vents«-**- awayand the res,n was then washed with DCM/THF (1:1) (4x; 1 .0 mL; 3 min. ea.) The reel.was then treated with 0.20 mL of DMF and 1 .0 mL of a DMF solution containing 0 50 MT ^ S6C0ndary 3mine^ 0 50 M °f D,EA
-^ susPensi0" ^s

DmT,4 1 n 7, ^ dr8ined
°ft and the rSSin was then withDMF (4x, 1.0 mL; 3 m,n. ea); THF (4x; 1.0 mL; 3 min. ea.); DCM/THF (4x- 1 0 mL- 3 min

ea); diethyl ether (4x; 1.0 mL; 3 min. ea.). The resin was then driedanlo^ to
cleavage from the resin as described above to give the desired compound. MS m/e 465

S02CH3

ExamolftR 9Q3.?Qft

oho J*
9™ 1* 60 mg 0f resin (substitution of 0.40 mmol/g) containing 4.formy..2.

phenylbenzam,de-L-Methionine-Wang-polystyrene
resin was swollen with 1 0 mL ofd.methy. acetamide (DMA) for 3 min. The solvent was drained and the resin was thenwashed w rth additiona. DMA ( 2x; 1.0 mL; 3 min. ea.). The resin was then su'ended in
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0.20 mL of DMA and to the suspension was then added a 1 .0 mL solution containing
0.48 mM of the desired primary amine (10 eq.) in a 3:1 (v:v) solution of DMA/acetic acid.
The resin was shaken for 2 h and was then treated with 0.25 mL of a 2.4 mM solution of
sodium cyanoborohydride

( 1 0 eq.) in DMA. The resin-slurry was shaken for an
additional 2 h. The solvents were drained and the resin was then washed with DMA

(

6x; 1 .0 mL; 3 min. ea.); DMF ( 6x; 1 .0 mL; 3 min. ea.); IPA (6x; 1 .0 mL; 3 min. ea.); DMF
( 6x; 1 .0 mL; 3 min. ea. V MEOH ( 6x; 1 .0 mL; 3 min. ea.); diethyl ether (6x; 1 .0 mL; 3
min. ea.). The resin was dried and then subjected to cleavage as described above.

S^ameis B3L1 MSimm±
203

H
204 HaCO^^-

205

206

f^N^V-N 468

OCH3
H

H

497

451

465

Examples 207.999

The following compounds were prepared using the materials and methods
described above.

Example

C02H

0 S
SCH3
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C02H

SCH3

Example 907/1

ester.

1-p-toluenesulfonylimidazole-4-carboxaldehyde (0.05 g, 0.3 mmol) and N-(4-amino-2-
phenylbenzoyl)-methionine methyl ester hydrochloride (0.057 g, 0.08 mmol) were
dissolved in 10 mL of 95% methanol and 5% acetic acid and stirred for 10 mins. before
adding 2 equivalents of sodium cyanoborohydride (0.034 g, 0.54 mmol) The reaction
was stirred for 1/2 hour and an additional amount of carboxaldehyde (0.10 g, 0.58
mmol), 2 equivalents sodium cyanoborohydride (0.073 g, 1 .2 mmol) and amine
hydrochloride salt (0.172 g, 0.44 mmol) were added. The reaction was stirred at room
temperature for 1 h. The reaction mixture was concentrated and the residue taken up in
ethyl acetate and washed with a saturated solution of sodium bicarbonate. The organic
phase was dried over magnesium sulfate and concentrated The residue was purified
twice by flash chromatography (19:1 chloroform/methanol) to give the ester as a white
foam (0.22 g, 74%).: m NMR (300 MHz. CDCI3) 5 7.64 (d. J=6.78 Hz. 2H), 7.43 (d.

J=8.43 Hz, 1H). 7.24-7.32 (m, 8H), 6.83 (s, 1H), 6.46 (d, J=8.43 Hz. 1H), 6.39 (d J=1 7
Hz. 1H). 5.91 (d, J=7.59 Hz, 1H), 4.74 (s, J=broad Hz. 1H), 4.59 (dd, J=7.5. 5.76 Hz
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1H), 4.22 <s, 2H). 3.59 (s, 3H), 2.08 (t. J=6.93 Hz, 2H). 1.97 (s. 3H), 1.80-1.89 (m, 1H)
1.58-1.73 (m. 1H).

Example 207B
4-fN-f1-H-2-PhenvlimidaZ0le-4-vnfnethvlaminn.?.phenvlbBn7nVl1methiOninp

The above protected sulfonamide (0.1 g, 0.19 mmol) was dissolved in 2 mLs. of

THF and cooled to 0°C. Lithium hydroxide (2 mLs. 0.5M) was slowly added to the
reaction mixture and stirred for 3 h. The pH was adjusted using 0.5 M HCI and a white
precipitate was collected by vacuum filtration and purified twice by reverse phase
preparative HPLC (Waters 25X10 cm. C-18 column, 220 nrr. UV detector, flow rate 15
mLs/min. linear gradient from 5% acetonitrile and 95% water containing 0.1% TFA to

60% acetonitrile in 40 minutes). Fractions containing pure compound were combined
and lyophilized to yield the title compound (0.021 g, 18%) as a TFA salt. : 'H NMR (300
MHz. methanol^) 8 8.04 (d, J=7.8 Hz. 1H), 7.79 (dd. J=7.3 Hz. 2H). 7.60-7.62 (m. 4H),

7.27-7.30 (m, 6H), 6.69 (dd. J=8.4 Hz. 1H). 6.63 (d. J=2.1. 1H) 4.42 (s, 2H), 4.19-4.26
(m, 1H). 2.14-2.32 (m. 2H). 1.98 (s. 3H), 1.75-1.87 (m, 2H).

C02H

Example 208A
4-rN-f5-Methvl-1-n-tolnftnesulfonvlimida2Qle-4-vIWmflthvlaminn.9.phenvlben7nyl]

methionine methvlester

1-p-toluenesulfonylimidazole-4-carboxaldehyde (0.2 g, 0.76 mmol) and N-(4-

amino-2-phenylbenzoyl)-methionine methyl ester hydrochloride (0.224 g, 0.57 mmol)
were dissolve in 5 mLs of 95% methanol and 5% acetic acid and stirred for 15 mins.

before adding 2 equivalents of sodium cyanoborohydride (0.095 g, 1.5 mmol) The
reaction was stirred for 1/2 hour and the addition of reagents added twice more without
the addition of sodium cyanoborohydride the second time. The reaction was
concentrated and the residue purified twice by flash chromatography first using (19:1

chloroform/methanol) followed by 4:1 chloroform/acetonitrile to give 2 (0.74 g. 74%) as a
white solid.

: 1 H NMR (300 MHz. CDCI3 ) 5 8.09 (s, 1H). 7.76 (d. J=8.37 Hz. 2H), 7.64
(d. J=8.52 Hz. 2H). 7.43-7.24 (m. 8H). 6.60 (dd, J=8.43, 2.16 Hz, 1H), 6.46 (d. J=2.16
Hz. 1H), 5.79 (d, J=7.68 Hz, 1H), 4.61 (dd, J=6.2, 6.21 Hz, 1H), 4.10 (s, 2H), 3.63 (s.

3H), 2.44 (s. 3H). 2.25 (s. 3H). 2.09 (t. J=7.38 Hz. 2H). 193-1.83 (m, 1H), 1.71-1.59 (m.
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10

15

1H); 13C NMR (75 MHz. CDCI3) d 172.2. 168.7. 149.5. 146.5. 141.7. 141.3 1374
136.9. 134.8. 131.3. 130.6. 128.9. 128.7. 127.9. 127.7. 124.0. 114.3. 111.8 52 5 51 9
40.2.31.8.29.6.21.9.15.4.9.5.

'

Examolfl 9nqft

Htas=BMiylildjdmiriazt^^
The above protected sulfonamide 2 (0.5 g, 0.8 mmol) was dissolved into 8 mLs

of THF and cooled to OoC. Lithium hydroxide (8 mL. 0.5M) was slowly added to the
reaction mixture and stirred for 4 h. Excess THF was removed under vacuum and the
PH was adjusted using HO and the aqueous phase extracted with ethyl acetate The
organic layer was washed with a saturated solution of sodium bicarbonate, dried over
magnesium sulfate and concentrated to an oil. The residue was purified by reverse
phase preparative HPLC (Waters 25X10 cm, C-18 column. 220 nm UV detector, flow
rate 15 mLs/min, linear gradient from 5% acetonitrile and 95% water containing 0.1%
TFA to 60% acetonitrile in 40 minutes). Fractions containing pure compound were
combined and lyophilized to yield the title compound as a TFA salt. :

1 H NMR (300
MHz. methanol^) 6 8.68 (s. 1 H). 7.42 (d. J=8.34 Hz. 1 H). 7.27-7.36 (m. 6H). 6.65 (dd.
J=8.46. 1.7 Hz. 1H). 6.58 (d. J=2.3 Hz, 1H), 4.41-4.46 (m. 3H). 2.35 (s. 3H). 2 03-2 23
(m, 2H). 2.00 (s, 3H), 1 .74-1 .99 (m, 2H).

20

25

30

a fM /it -
i , L •

Example 91 OA
4-fN.fi.Tnnh9nYimethYlimidn70l9^vnmethviaminO-3.^.mathVlPt1onvh imflthni

j

methyl ester

1-Triphenylmethylimidazole-4-carboxaldehyde (0.3 g. 0.7 mmol) and N-(4-amino-
2-(2-methylphenylbenzoyl)-methionine methyl ester hydrochloride (0.25 g 0 7 mmol)
were dissolve in 10 mLs of 95% methanol and 5% acetic acid and stirred for 30 mins
before adding 1 equivalent of sodium cyanoborohydride (.044 g, 0.7 mmol) The reaction
was stirred over a period of 3 hours while additional aldehyde was added until all of the
amine hydrochloride had disappeared. The reaction mixture was concentrated and the
residue taken up in ethyl acetate and washed with a saturated solution of sodium
bicarbonate. The organic phase was dried over magnesium sulfate and concentrated
The residue was purified by flash chromatography (diethyl acetate/hexanes) to give the
title compound as a white foam (0.36 g, 74%). :

1 H NMR (300 MHz. COCI3) 5 7 45
(S
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1H), 7.25-7.35 (m. 13H). 7.09-7.13 (m, 6H). 6.74 (s. 1H), 6.65 (dd, J=9.3. 1.5 Hz. 1H)
6.34 (d. J=2.5 Hz. 1H). 5.69 (t. J=7.35 Hz. 1H). 4.56-4.61 (m. 1H). 4.27 (d. J=4.8 Hz
2H). 3.64 (s. 3H). 2.00-2.15 (m. 8H). 1.79-1.86 (m. 1H). 1.48-1.56 (m. 1H); 13C NMR (75
MHz. C0CI3)<1 172.4. 167.6. 167.2. 150.3. 142.4. 141.4. 141.2. 139.1. 138.2. 136 6
132.3. 132.0. 130.8. 130.6. 129.9. 129.2. 128.9. 128.3. 126.5. 126.4. 121.9. 121.4

'

119.3, 114.2. 112.0. 75.6.52.4. 51.7. 41.8.32.0.29.6.20.1, 15.4.

4'fN-fVH'imidazole-4-vhm8thvlaminQ.p./9.mflthviPhfinYi)hfpzov|^i.mftth iftn
|
no

The above protected peptidomimetic (0.15 g. 0.22 mmol) was dissolved into 3.5
mLs. of THF and cooled to 0°C. Lithium hydroxide (18.1 mg dissolved in 3.5 mLs. of
water) was slowly added to the reaction mixture and stirred for 1 h. The pH was
adjusted using 1 N HCI and placed under vacuum to remove excess THF. The residue
was taken up in ethyl acetate and dried over magnesium chloride and excess solvent
removed under vacuum. The residue was taken up in 4 mL. of methylene chloride and
8 mL. of trifluoroacetic acid and the reaction mixture was immediately quenched with
triethylsilane until colorless. The reaction was stirred for an addition 2 hrs and
concentrated to an oil. The residue was taken up in methylene chloride and 3 N HCI
added The solids were vacuum filtered collected and dried under vacuum to give
desired product. (0.050 g. 50%) as a HCI salt.: 1H NMR (300 MHz. CD30D) 8 8.65 (s.

1H). 7.58-7.66 (m. 1H). 7.49 (s, 1H), 7.11-7.25 (m. 4H). 6.80 (dd. J=8.6. 2.4 Hz. 1H).

6.50 (d. J=1.9 Hz, 1H),4.53(s. 2H), 4.39-4.40 (m. 1H), 2.04-2.12(m. 5H). 1.98 (s. 3H)
1.81-1.90 (m, 1H), 1.46-1.64 (m. 1H).

4-fN-(1-H-imida70le-4.vnmethvlamino-2.r2.mflthyiph6nvlbenyftVp)m «.|hf"pi"^
methvlester

The above protected peptidomimetic from Example 386A (0.1 35g, 0.22 mmol)
was dissolved into 4 mis. of methylene chloride and 8 mis. of trifluoroacetic acid and the
reaction mixture was immediately quenched with triethylsilane until colorless. The

ExamplftPiQp

Example 211
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reaction was stirred for an addition 2 nr. and concentrated to an oil. The residue was
taken up in methylene chloride and 3 N HCI added The solids were vacuum filtered

collected and dried under vacuum to give desired product. (0.050 g, 50%) as a HCI salt.:
1 H NMR (300 MHz, CD30D) 8 8.84 (s, 1H), 7.57-7.65 (m, 1H), 7.47 (s, 1H), 7.11-7.26

(m, 4H). 6.73 (d, J=8.64 Hz. 1H), 6.43 (s, 1H), 4.50 (s, 2H), 4.39-4.46 (m, 1H). 3.64 (s,

3H), 2.04-2.12 (m, 5H), 1.98 (s, 3H), 1.84-1.94 (m, 1H). 1.57-1.62 (m. 1H).

C02H

0 >
SCH3

Example 21 PA

4-fN-( 1 -Trinhftnvlmethvlimidazole-2-vnmethvlaminQ-9.phenvlbenzovn mathninipo

l-Triphenylmethylimidazole-2-carboxaldehyde (0.5 g, 1.5 mmol) and N-(4-amino-2-(2-

methylphenylbenzoyl)methionine methyl ester hydrochloride salt (0.25 g, 0.7 mmol)
were dissolve in 30 mLs of 95% methanol and 5% acetic acid and stirred for 30 mins.

before adding 1 equivalent of sodium cyanoborohydride (.09 g, 1 .5 mmol) The reaction

was stirred over a period of 3 hours while additional aldehyde was added until all of the

amine hydrochloride had disappeared. The reaction mixture was concentrated and the

residue taken up in ethyl acetate and washed with a saturated solution of sodium
bicarbonate. The organic phase was dried over magnesium sulfate and concentrated

The residue was purified by flash chromatography (19:1 chloroform/methanol) to give
the title compound as a white foam (0.55 g, 55%). : 1H NMR (300 MHz, CDCI3) 6 7.53

(d, J=8.5 Hz. 1H), 7.23-7.43 (m, 15H), 7.13-7.16 (m, 6H), 7.03 (d, J=1.4 Hz. 1H). 6.87
(d, J-1.1 Hz, 1H), 6.2 (dd, J=8.5, 2.2 Hz, 1H), 6.10 (d, J=2.2 Hz, 1H), 5.61 (d, J=7.7 Hz,
1H), 5.05 (br.s, 1H,), 4.59 (dd, J=9.9, 4.7 Hz, 1H), 3.63 (s, 3H), 3.33 (br.s, 2H), 2.05 (t.

J=7.7 Hz, 2H), 2.00 (s. 3H), 1 .80-1 .91 (m, 2H), 1 .24-1 .29 (m, 2H).

4-fN-(1-H-imidazole-2-vnmethvlamino.g.nhflnvlben7ovlUmflthinnif
1
o

The above protected peptidomimetic (0.45 g, 0.66 mmol) was dissolved into 3.5 mLs. of

THF and cooled to 0°C. Lithium hydroxide (18.1 mg dissolved in 3.5 mLs. of water) was
slowly added to the reaction mixture and stirred for 2 h. The pH was adjusted using 1 N
HCI and placed under vacuum to remove excess THF. The residue was taken up in

ethyl acetate and dried over magnesium chloride and excess solvent removed under
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vacuum. The residue was taken up in 4 mis. of methylene chloride and 8 mis. of

trifluoroacetic acid and the reaction mixture was immediately quenched with

triethylsilane until colorless. The reaction was stirred for an addition 2 hrs and
concentrated to an oil. The residue was purified by reverse phase preparative HPLC

5 (Waters 25X1 0 cm, C-1 8 column, 220 nm UV detector, flow rate 1 5 mLs/min, linear

gradient from 5% acetonitrile and 95% water containing 0.1% TFA to 60% acetonitrile in

40 minutes). Fractions containing pure compound were combined and lyophilized to

yield the acid as a TFA salt. :
' H NMR (300 MHz. DMSO-d6) 8 8.1 1 (d, 1 H), 7.60 (s,

1H), 7.3-7.4 (m. 6H), 6.82 (br.s, 1H), 6.55-6.60 (m, 2H), 4.69 (s. 2H), 4.20-4.30 (m. 1 H).

io 2.10-2.30 (m.2H), 2.07 (s,3H). 1.75-1.86 (m,2H).

Example 213

«5 4-rN-fiimida20l-4.vnmethylamino.9.phenvlben?Qyl]leueinft

To a solution of 2-phenyl-4-amino-benzoyl leucinemethyl ester hydrochloride (0.25 g,

0.74 mmoles) in methanol was added tritylimidazole-4-carboxaldehyde (0.25 g, 0.74

mmoles) followed by 1 mL of glacial acetic acid and the reaction stirred for 30 min. This

was followed by the addition of NaCNBH3 (0.046 g, 0.74 mmoles) and the reaction was
20 stirred at room temperature for 2 h. The solvent was evaporated and the residue

dissolved in ethyl acetate (-3 mL), and chromatographed on a silica gel column (1.05" x
23") to afford a white solid. (0.30 g, 61 %). *H NMR (300 MHz, CDCI3) 6 0.79 (dd, 6 H).

1.10-1.35 (m, 3 H), 3.64 (s, 3 H), 4.28 (d, 2 H), 4.51 (m, 1 H), 4,66 (br s. 1 H), 5.45 (d, 1

H), 6.49 (s, 1 H), 6.64 (dd, 1 H), 6.74 (s, 1 H), 7.12 (m, 6 H), 7.09-7.27 (m, 15 H), 7.48

25 (s, 1 H), 7.69 (d, 1 H).

The above compound (0.30 g, 0.45 mmoles) was dissolved in 15 mL of THF/H2O (3:2)

and LiOH (0.035 g, 0.91 mmoles) was added. The reaction was stirred at room
temperature for 2 h. The THF was evaporated and the residue dissolved in 1 5 mL
water, and 1N HCI added to lower the pH to 2. The compound is then extracted with

30 ethyl acetate (3 x 25 mL), dried and the solvents evaporated to afford the free carboxylic

acid as a white solid. (0.25 g, 84 %).
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The above compound (0.25 g, 0.38 mmoles) was dissolved in 10 mL dichloromethane

and 3 mL trifluoroacetic acid followed by the addition of 1 .5 mL of triethylsilane and the

reaction stirred at room temperature for 2 h. The solvents were evaporated and ether

added followed by the addition of 6 N HCI in ether to precipitate the desired compound
which was collected by rapid filtration. (0.12 g t 77 %) 1h NMR (300 MHz, DMSO-d6 ) 5

0.76 (dd, 6 H), 1.38 (m f 2 H), 1.55 (m, 1 H)
t 4.19 (m, 1 H), 4.42 (d, 2 H), 6.63 (s, 1 H),

6.73 (d, 1 H), 7.31-7.36 (m, 6 H), 7.63 (s, 1 H) t 8.23 (d. 1 H), 9.09 (s, 1 H).

Example 214

4-fN-(imidazol-4-vhmethvlamino-2-M-naDhthvnben2ovl|leucine

To a solution of 2-{1-naphthyl)-4-aminobenzoylleucinemethyl ester hydrochloride (0.59

g, 1 .5 mmoles) in methanol was added tritylimidazole-4-carboxaldehyde ( 0.61 g, 1 .80

mmoles) followed by 1 mL of glacial acetic acid and the reaction stirred for 30 min. This

was followed by the addition of NaCNBH3 (0.34 g, 5.4 mmoles) and the reaction was
stirred at room temperature for 2 h. The solvent was evaporated and the residue

dissolved in ethyl acetate (-3 mL), and chromatographed on a silica gel column (1.05" x

23") to afford a white solid. (0.72 g, 67 %). 1H NMR (300 MHz, CDCI3 ) 50.13 (m, 0.8 H),

0.44 <m, 5.2 H), 0.57 (m t 2 H), 0.93 (m, 1 H), 3.40 (s, 1 H), 3.57 (s, 2 H), 4.24 (m, 1 H),

5.37-5.47 (dd, 1 H), 6.49 (s, 1 H) t 7.08 (m, 2 H), 7.09-7.1 1 (m, 6 H), 7.30-7.32 (m, 1 1 H),

7.49-7.57 (m, 5 H)
f 7.80 (m f 2 H), 8.08 (d f 1 H).

The above compound (0.24 g, 0.34 mmoles) was dissolved in 10 mL of THF/H2O (2:1)

and LiOH (0.029 g, 0.68 mmoles) was added. The reaction was stirred at room

temperature for 2 h. The THF was evaporated and the residue dissolved in 15 mL
water, and 1N HCI added to lower the pH to 2. The compound is then extracted with

ethyl acetate (3 x 25 mL) t dried and the solvents evaporated to afford the free carboxylic

acid as a white solid. (0.20 g, 84%).

The above compound (0.20 g, 0.29 mmoes) was dissolved in 10 mL dichloromethane

and 3 mL trifluoroacetic acid followed by the addition of 1 .5 mL of triethylsilane and the

reaction stirred at room temperature for 2 h. The solvents were evaporated and ether

added followed by the addition of 6 N HCI in ether to precipitate the desired compound,

N^C02H

O
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which was collected by rapid filtration. (0.096 g, 74 %) 1 H NMR (300 MHz. DMSO-d6 )

5 0.37 (m. 3 H), 0.65 (m, 3 H), 1 .08 (m. 2 H), 1 .25 (m. 1 H), 3.89 (m. 1 H), 4.37 (d, 2 H),

6.53 (s, 1 H), 6.79 )m. 1 H), 7.01 (m, 1 H), 7.42-7.62 (m. 8 H). 7.86-7.94 (m. 2 H). 8.86
(s. 1 H).

Example 216

5-fN-(4-OVridinvnmethvlaminft.2.phanvlhflnynyl]lfl.irin
ft

To a solution of 2-phenyl-5-aminobenzoylleucine methyl ester hydrochloride (0.50 g,
1 .47 mmoles) in methanol was added pyridine-4-carboxaldehyde (0. 164 g, 1 .53

mmoles). This was followed by the addition of 1-2 mL of glacial acetic acid, and
NaCNBH3 (0.16 g, 2.56 mmoles) and the reaction was stirred at room temperature for ,

30 min. The solvents were evaporated and the residue dissolved in 25 mL ethyl acetate
and washed with saturated NaHC03 (30 mL). concentrated to 3 mL and
chromatographed on a silica gel column (1.05" x 23") using ethyl acetate.hexanes (4:1)

to afford the protected compound as a yellowish solid. (0.40 g, 63 %). NMR (300
MHz. CDCI3 ) 5 0.76 (m. 6 H). 1.10-1.17 (m. 2 H). 1.27-1.32 (m. 1 H). 3.62 (s, 3 H).

4.43-4.53 (overlapping m & s. 3 H), 5.60 (d. 1 H). 6.61-6.65 (dd. 1 H), 6.97 (d. 1 H). 7.13
(d. 1 H). 7.25-7.35 (m. 8 H). 8.55 (m, 2 H).

The above compound (0.22 g. 0.51 mmoles) was dissolved in 10 mL THF/H2O (2:1).

cooled to 0 °C and LiOH (0.04 g, 1 .02 mmoles) added. The reaction was stirred at 0 ~C
for 1 h. followed by stirring at room temperature for 2 h. The solvents were evaporated
and the residue passed through a bed of silica gel and eluted with CH2Cl2:CH30H (9:1)

to afford the desired compound as a white solid. (0.19 g, 90 %) 1 H NMR (300 MHz.
DMSO-de) « 0.79 (t. 6 H). 1.19 (m. 2 H). 1.42 (m. 1 H). 4.06 (m. 1 H). 4.36 (d. 2 H).'

6.53 (dd. 1 H). 6.81 (m. 2 H). 7.04 (d. 1H). 7.17-7.31 (m. 6 H). 7.59 (d. 1 H). 8.46 (d. 2
H).
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C02H

A

T
Example oyr

5-fN-0-pYrirtinvl)methvlftnftfaminQ.9.ph
ftnYn3Qn7nv i

)|
ia ,

|T
,

inft
To a solution of 2-phenyl-5-aminobenzoylleucine methy! ester hydrochloride (0 25 g
0 74 mmoles) in methanol was added pyridine-3-carboxaldehyde (0.08 g, 0 78 mmoles)
Th,r was followed by the addition of 1-2 mL of glacial acetic acid, and NaCNBH3 (0 09
g. 1 .28 mmoles) and the reaction was stirred at room temperature for 30 min The
solvents were evaporated and the residue dissolved in 25 mL ethyl acetate and washed
wrth saturated NaHC03 (30 mL), concentrated to 3 mL and chromatographed onTs^a
gel column (1.05" x 23") using ethyl acetaterhexanes (4:1) to afford as a yellowish solid
(0-14 g, 46 %). 1 H NMR (300 MHz, DMSO-d6) 5 0.74 (d, 3 H), 0.81 (d 3 H). 1 37 <m

2

H) 1.54 (m, 1 H), 3.61 (s, 3 H), 4.21 (m, 1 H), 4.34 (d. 2 H), 6.68 (m, 3 H), 7.19 (m. 2 H)
722-7.29 (m, 4 H), 7.38 (m. 1 H), 7.76 (d, 1 H), 8.46 (m, 2 H). 8.60 (s 1 H)
The above compound (0.14 g. 0.33 mmoles) was dissolved in 1 0 mL THF/H20 (21)
cooled to 0 coC and LiOH (0.03 g. 0.67 mmoles) added. The reaction was stirred at 0 >C
for

1 h, followed by stirring at room temperature for 2h. The solvents were evaporatedand the residue passed through a bed of silica gel and eluted with CHCI3:CH3OH (9-
1

)

to afford the desired compound as a white solid. (0.12 g, 86%) 1 H NMR (300 MHz
DMSO-de) 6 0.79 (d. 6 H), 1.23 (m, 1 H), 1.34 (m, 1 H), 1.54 (m, 1 H), 3.84 (m 1 H)

C02H

5-fN-f2-PVririinvhmethvlfl nr|ipA.2.PhenylhAn7f?Yq |ftnTT jnn
To a solution of 2-phenyl-5-aminobenzoylleucine methyl ester hydrochloride (0 25 g
0.74 mmoles) in methanol was added pyridine-2-carboxaldehyde (0.08 g 0 77 mmoles)
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This was followed by the addition of 1 -2 mL of glacial acetic acid, and NaCNBH3 (0.09

g, 1 .28 mmoles) and the reaction was stirred at room temperature for 30 min. The
solvents were evaporated and the residue dissolved in 25 mL ethyl acetate and washed
with saturated NaHC03 (30 mL), concentrated to 3 mL and chromatographed on a silica

gel column (1 .05" x 23") using ethyl acetate:hexanes (4:1 ) to afford the ester as a
yellowish solid. (0.20 g. 63 %). NMR (300 MHz. DMSO-d6) 5 0.73 (d, 3H). 0.79 (d. 3
H), 1.36 (m, 2 H), 1.52 (m, 1 H), 3.60 (s, 3 H), 4.21 (m. 1 H), 4.41 (d, 2 H), 6.65 (d. 2 H),

6.76 (t. 1 H), 7.19 (d. 1 H), 7.22-7.28 (m, 6 H), 7.72 (d, 1 H), 7.81 (dd. 1 H), 8.53 (m 2
H).

The above compound (0.20 g, 0.46 mmoles) was dissolved in 10 mL THF/H2O (3:2),

cooled to 0°C and UOH (0.04 g, 0.93 mmoles) added. The reaction was stirred at 0°C
for 1 h, followed by stirring at room temperature for 2 h. The solvents were evaporated
and the residue passed through a bed of silica gel and eluted with CHCl3:CH30H (9:1)

to afford the desired compound as a white solid. (0.19 g, 98 %) 1 H NMR (300 MHz
DMSO-d6 ) 50.79 (dd, 6 H). 1.27 (m, 2 H), 1.50 (m. 1 H), 3.89 (m, 1 H). 4.38 (d, 2 H),

6.60 (m, 1 H), 6.69 (s. 1 H). 7.03 (d. 1 H), 7.17-7.36 (m, 7 H), 7.38 (d. 1 H). 7.73 (t 1

H), 8.51 (d, 1 H).

Example 220

4-fN-f2-PVridinvl)mflthvlenefamino-2.fi.naPhthi/hhenzovn]ifli,ffinp
To a solution of 2-(1-naphthyl)-4-amino-benzoyl leucinemethylester hydrochloride (0.20

g, 0.51 mmoles) in 15 mL methanol was added pyridine-2-carboxaldehyde (0.06 g, 0.51
mmoles). This was followed by the addition of 1-2 mL of glacial acetic acid, and
NaCNBH3 (0.05 g, 0.77 mmoles) and the reaction was stirred at room temperature for

30 min. The solvents were evaporated and the residue dissolved in 25 mL ethyl acetate
and washed with saturated NaHC03 (30 mL), concentrated to 3 mL and
chromatographed on a silica gel column (1 .05" x 23') using ethyl acetate:hexanes (4:1

)

to afford the ester as a yellowish solid. (0. 1 5 g, 61 %). 1 H NMR (300 MHz. CDCI3) 8

0.13 (m. 0.8 H). 0.48 (m. 5.2 H). 0.57-0.64 (m, 2 H). 0.96-1.1 (m. 1 H). 3.4 (s. 1 H). 3.61
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(s. 2 H), 4.21 (m, 1 H), 4.50 (m, 2 H), 5.40 (m, 1 H), 5.48 (brt. 1 H), 6.57 (d. 1 H). 6.82
(dd. 1 H). 7.23-7.52 (m, 7 H), 7.85 (m, 1 H), 7.92-8.04 (m, 3 H), 8.57 (d, 1 H).

The above compound (0.15 g. 0.31 mmoles) was dissolved in 10 mL THF/H2O (2:1),

cooled to 0°C and UGH (0.03 g, 0.62 mmoles) added. The reaction was stirred at 0 °C
for 1 h, followed by stirring at room temperature for 2 h. The solvents were evaporated
and the residue passed through a bed of silica gel and eluted with CHCl3:CH30H (9:1)

to afford the desired compound as a white solid. (0.13 g, 86 %) 1 H NMR (300 MHz
DMSO-de) 5 0.45 (m, 7 H), 0.81 (m, 1 H), 1 .08 (m, 1 H), 3.77 (m. 1 H), 4.39 (s. 2 H).'

6.22 (d. 1 H), 6.50 (m, 1 H), 6.72 (d, 1 H), 7.15 (br s, 1 H), 7.18-7.51 (m. 8 H), 7.81 (m. 1

H), 7.88 (m, 2 H), 8.48 (m, 1 H).

4-fN-d •H-imidazole-2-vhmethvlamino-3.Bhflnvlben2ov»leLJcine methvl BstAr

This compound was synthesized starting from the ester described in the first part of

Example 389. The ester (0.45 g, 0.68 mmoles) was dissolved in 10 mL
dichloromethane and 3 mL TFA added, followed by the addition of 1.5 mL triethylsilane.

The colorless solution was stirred at room temperature for 2 h, following which the
solvent was evaporated, the residue dissolved in ethyl acetate and washed with

saturated NaHC03 (25 mL). The organic layer was dried and evaporated to afford the
title compound as a white solid. (0.24 g, 84 %). 1 H NMR (300 MHz. DMSO-d6) 8 0.76
(d, 3 H), 0.81 (d, 3 HO, 1.38 (m, 2 H). 1.52 (m, 1 H), 3.60 (s, 3 H), 4.19 (m. 1H), 4.42 (d.

2 H), 6.61 (s, 1 H), 6.67 (dd, 1 H), 7.22-7.35 (m, 6 H), 7.55 (s, 1 H). 8.18 (d, 1 H), 9.04
(s. 1 H).

O T
Example 221
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Ns^C02CH3

i

Yo

Example 222

4-fN-(1-H-imidazole-2-vnmethvlamino.2-M .naphthyP
f j

-

[7fpZOVnieuein6 mflthy|
ft^ r

This compound was synthesized starting from the ester descrioed in the first part of

Example 390. The ester (0.40 g, 0.56 mmoles) was dissolved in dichloromethane (10
mL) and 3 mL TFA was added, followed by the addition of 1 .5 mL triethylsilane. The
colorless solution was stirred at room temperature for 2h. following which the solvent

was evaporated, the residue dissolved in ethyl acetate and washed with saturated

NaHC03 (25 mL). The organic layer was dried and evaporated to afford the title

compound as a white solid. (0.21 g, 81 %). 1H NMR (300 MHz, DMSO-d6) 8 0.38-0.74

(m. 6 H), 0.91 (m, 2 H), 1.11 (m, 1 H), 3.46 (s. 3 H), 3.94 (m, 1 H), 4.41 (d. 2 H), 6.55(s,

1 H), 6.79 (m, 1 H), 7.34-7.57 (m, 8 H), 7.83-7.94 (m, 3 H), 9.05 (S, 1 H).

Example 223

[4-(3-pvridvloxvmethvn-2-ohenvlbenzovnmethionine 4.mQthvlDiD8razinesUifnnimiri»

The desired compound was prepared according to the method of Example 1 1 5, except

substituting 4-methylpiperazinesulfonamide for methylsulfonamide.
1 H (DMSO-d6) 5 8.72 (d, 1 H). 8.43 (d, 1H), 8.22 (dd, 1H). 7.60, 7.53. 7.47. 7.40 (all m.

total 10H), 5.35 (s, 2H), 4.17 (m, 1H), 3.80, 3.40. 3.20 (all very broad peaks, total 8H).

2.75 (s. 3H), 2.20 (m, 2H). 2.02 (s. 3H). 1.80 (m,2H). MS (ESI) 598 (M+H)+. Anal calcd

for C29H35N505S2 • 2.35 TFA: C, 46.76; H, 4.35; N. 8.09. Found: C, 46.78; H. 4.20; N.

8.17.
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6 s

h
Example 994

r4-f3-PYritiYlPXVmmhvn-?-Phenvlben70vnmethinninA ^thiomQmhnlinp^.lfnnimiH^

The desired compound was prepared according to the method of Example 115, except
substituting 4-thiomorpholinesulfonamide for methylsulfonamide

X^ISlrti f
60 (br d 1H)

*
8-39 (d

'

1H)> 818 (d
'
1H

>« 750 <
m

-
4H

). 7-36 (m. 6H)
5.29 (s. 2H), 4.22 (m, 1H). 3.44 (m, 4H), 2.64 (m, 4H). 2.18 (m. 2N), 2.00 (s 3H) 1 79

JTsSi
~d^C28H32N405^ : C. 55.98; H. 5.37; N,
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Table 2. Amines of the type B-NH2

* 2 n k

19 o ^ 20 & 1,
SMa

W x

SMa
23

.C02Me

SMa

N^COjMe

SMa

SMe

OMa

CO,Ma

O V^SMa

.N^COjMa

18 0 ^^SO^e

21 o L
'SMa

OMa

SMe
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5
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Table 3. Bromides of the type B-Br

1 O is.SMo 2 o

,C02Me

SMe SMe

SMo
SMe

8 O V^SMe

,C02Me

10 O ^SO^e 11 O V^SOjMo

H
N^COjMe I

H
N^CO^Me

13 O ^SO,Me 14 o i^S02Me 15 J ^ S0?M(

N^CO,Me

0 \^S02

19 S i 20 g i
SMe

,CO,Me

SMe

01A

»

Br.

22
11

OMe

H
N^COjMe

*SMe
23 £ *

SMe

SMe

N^C0
2Me

SMe
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WHAT IS CLAIMFH IS-

1 A compound having the formula

or a pharmaceutical^ acceptable salt thereof wherein

Ri is selected from the group consisting of

(a) hydrogen,

(b) loweralkyl,

(c) alkenyl,

(d) alkoxy.

(e) thioalkoxy,

(f) halo,

(g) haloalkyl,

(h) aryl - L2 • wherein L2 is absent or is selected from the group consisting of

-CH2-,

-CH(CH3h
-0-,

-S(0)
q
wherein q is 0, 1 or 2,

-N(R)- wherein R is hydrogen or loweralkyl, and

-C(O)-

and aryl is selected from the group consisting of

phenyl,

naphthyl,

tetrahydronaphthyl,

indanyl and

indenyl and the aryl group is unsubstituted or substituted, and
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(i) heterocyclic - L3 - wherein L
3 is absent or is selected from the group

consisting of

-CHr ,

-0-,

-S(0)
p
wherein q is 0, 1 or 2,

-N(R)- wherein R is hydrogen or loweralkyl, and

-C(O).,

and heterocyclic is a monocyclic heterocyclic wherein the heterocyclic is

unsubstituted or substituted with one, two or three substituents

independently selected from the group consisting of

loweralkyl,

hydroxy,

hydroxyalkyl,

halo,

nitro,

oxo (=0),

amino,

N-protected amino,

alkoxy,

thioalkoxy and

haloalkyl;

R2 is selected from the group consisting of

R i2a is hydrogen, loweralkyl or -C(0)OR13 wherein R
13 is hydrogen or a

carboxy-protecting group, and
R i2b is hydrogen or loweralkyl, with the proviso that R 12a and R12b are not

both hydrogen,

(a)

wherein
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(b) «C(0)NH-CH(R 14)-C(0)OR15 wherein R 14 is selected from

loweralkyl,

cycloalkyl,

cycloalkylalkyl,

alkoxyalkyl,

thioalkoxyalkyl,

hydroxyalkyl,

aminoalkyl,

carboxyalkyl,

alkoxycarbonylalkyl,

arylalkyl or

alkylsulfonylalkyl and

R15 is hydrogen or a carboxy-protecting group,

(d) -C(0)NH.CH(R14)-C(0)NHS02Ri6 wherein R14 is defined above and R 1(

is selected from lower alkyl,

haloalkyl,

substituted or unsubstituted aryl,

substituted or unsubstituted heterocyclic,

(e) -C(0)NH-CH(R14)-tetrazolyl wherein the tetrazole ring is unsubstituted or

substituted with lower alkyl or haloalkyl,

(f) -C(0)NH-heterocyclic, and

(9) -C(0)NH-CH(R14)-C(0)NR17R18 wherein R17 and R18 are independently

selected from hydrogen and lower alkyl;

R
3 is pyridyl, substituted pyridyl, imidazolyl, or susbtituted imidazolyl;

(c)
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R4 is selected from the group consisting of

hydrogen,

lower alkyl,

haloalky!

halogen,

aryl,

arylakyI,

heterocyclic, and

(heterocyclic)alkyl;

L
1

is absent or is selected from the group consisting of

(a) -U-N(R4)-L5 - wherein

L4is absent or selected from

C
1
-to-C

1

0

-aikylene and

C2-to-C , 0-alkenylene

wherein the alkylene group or the alkenylene group is unsubstituted

or substituted with one, two, three or four substitutents

independently selected from loweralkyl,

alkenyl,

hydroxy,

amino,

N-protected amino,

carboxy,

alkoxycarbonyl,

oxo,

thioxo,

imino,

=N-OH,

=N-0-loweralkyl,

=N-0-aryl, and
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=N-0-heterocyclic wherein the heterocyclic is unsubstituted

or substituted with one. two or three substituents

independently selected from the group consisting of
130

loweralkyl,

halo,

nitro,

haloalkyl,

oxo,

135 hydroxy,

hydroxyalkyl.

amino,

N-protected amino,

alkoxy, and
140

thioalkoxy,

R4 is hydrogen or loweralkyl and

L5 is absent or is selected from,

-CHr ,

-CH2CH2
- and

"5 -CH(CH
3 )-,

(b) -L4-0-L
5
- wherein U and Lg are defined above,

150

(C) -U-S(0)n-L5- wherein n is 0, 1 or 2 and L4 and Ls are defined above,

(d) -U-L6-C(W)-N(R5)-L5 - wherein U. L5 and R5 are defined above

,

W is O or S, and

Lg is absent or is selected from

-0-.

155 -S- and

-N(R6)- wherein R6 is hydrogen or loweralkyl, and

(e) -l4-L6-S(0)m-N(R7)-L5 -wherein U, L5 and Ls are defined above.

m is 1 or 2, and
1 60 R7 is hydrogen or loweralkyl,

(f) -L4-N(R7)-C(W)-L7-L5 -wherein W, R7 . U and L6 are defined above . and

L7 is absent or is selected from-O- and -S- and
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(g) -L4-N(R7)-S(0)p-L7-L5
- wherein p is 1 or 2 and L4 . R7 . L5 and L7 are

defined above,

(h) C2-C4-alkylene optionally substituted with 1 or 2 hydroxy groups,

(i) C2-to-C4-alkenylene, and

0) C2-to-C4-alkynylene.

A compound or pharmaceutical^ acceptable salt thereof as defined in claim 1

wherein is aryl - L2 • wherein

L2 is absent or is selected from -CH2- and -0-, and

aryl is selected from phenyl and naphthyl

wherein the aryl group is unsubstituted or substituted.

A compound or pharmaceutical^ acceptable salt thereof as defined in claim 2
wherein is substituted or unsubstituted phenyl.
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4. A compound or pharmaceutical^ acceptable salt thereof as defined in claim 3
wherein

R2 is selected from the group consisting of

(a) -C(0)NH-CH(R 14)-C(0)OR15 wherein R 14 is selected from

loweralkyl,

cycloalkyl,

cycloalkylalkyl,

alkoxyalkyl,

thioalkoxyalkyl,

hydroxyalkyl,

aminoalkyl,

carboxyalkyl,

alkoxycarbonylalkyl,

arylalkyl or

alkylsulfonylalkyl and

R 15 is hydrogen or a carboxy-protecting group, and

(b) -C(0)NH.CH(R14)-C(0)NHS02Ri6 wherein R14 is defined above and R 16

is selected from lower alkyl,

haloalkyl,

substituted or unsubstituted aryi,

substituted or unsubstituted heterocyclic.

5. A compound or pharmaceutical^ acceptable salt thereof as defined in claim 3

wherein R2 is selected from the group consisting of

(a)

H

0 S
sch3

(b)

0 S
SO2CH3
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(c)

N^CONHS02R 16

*and

O

A compound or pharmaceutical^ acceptable salt thereof as defined by claim 5
wherein R3 is pyridyl or pyridyl substituted with 1or 2 substituents independently
selected from

lower alkyl,

halogen,

haloalkyl,

hydroxy,

alkoxy,

alkoxycarbonyl,

aryl, and

arylalkyl.

A compound or pharmaceutically acceptable salt thereof as defined by claim 1

wherein R3 is imidazolyl or imidazolyl substituted with lower alkyl.

A method of inhibiting protein isoprenyl transferases in a mammal in need of such
treatment comprising administering to the mammal a therapeutically effective

amount of a compound of claim 1

.

A composition for inhibiting protein isoprenyl transferases comprising a
pharmaceutical carrier and a therapeutically effective amount of a compound of

claim 1

.
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1 0. A method for inhibiting or treating cancer in a mammal, comprising administering

to the mammal a therapeutically effective amount of a compound of claim 1 alone
or in combination with another chemotherapeutic agent.

11. A composition for the treatment of cancer comprising a compound of claim 1 in

combination with another chemotherapeutic agent and a pharmaceutical^

acceptable carrier.

1 2. A method for inhibiting post-translational modification of the oncogenic Ras
protein by protein famesyltransferase, protein geranylgeranyltransferase or both
in a mammal comprising administering to the mammal a therapeutically effective

amount of a compound of claim 1

.

1 3. A composition for inhibiting post-translational modification of the oncogenic Ras
protein by protein famesyltransferase, protein geranylgeranyltransferase or both

comprising a compound of claim 1 in combination with a pharmaceutical^

acceptable carrier.

14. A method for treating or preventing restenosis in a mammal, comprising

administering to the mammal a therapeutically effective amount of a compound of

claim 1

.

1 5. A composition for treating or preventing restenosis in a mammal comprising a

compound of claim 1 in combination with a pharmaceutical^ acceptable carrier.
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